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an activity to increase the accessibility of 
tnililary developed currfbulum materials to 
vocational and technical educators. 

This project, funded by the UtaS. Office of ^ 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast -Guard, Air Force, 
Arniy, Marine Corps and Navy. 

Access to military curriculuni materials is 
provided tlirougliJ^" Joint Memorandum of 
Understanding" betjveen the U.S. Office, of 
Education and the i)epartment of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses-' 
deemed applicable to vocational and tech- 
nical education are selected for dissemination 

The National Center for Research in' " 
Vocational Education is the U.S. Qffice of 
Education's designated representative to 
Acquire the materials and conduct the ptoject 
activities. 
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Project Director 
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Course O«'^crlption: 

This course was designed as the theory portion to supplement on«^e-job training to upgrade an Apprentice (semi-skilled) level repairperson to the 
Speci^i^t (skilled) level. The specialist's duties fall in the following four areas: ^ 



* Performs preventive maintenance -on aircraft and ground equipment pneumatic/hydraulic systems 
9 Installs and repairs aircraft and ground equipment pnei^matic/hydraulic components 

* inspects pneumatic/hydraulic shop activities ' • ' 

* Supervises aircraft and ground equipment pneumatic/hydraulic repair personnel, > 



Each volume is divided into chapters and accompanied with a ^rkbooK. Some sections were deleted because of references to specif^ military 1 
procedures or organization • / 



Volume 1 — 



Pneudrau/ic Functions and Career Progranf discusses good H^usekeegping and safety practices, hydrauTlk fluids and 
plumbing materials, and maintenance tools. Tha first three chapters dealing with Air Force organ i^atioX and career 
programs. Air Force publications, apd supply management and security were deleted. , . 



Volun:ie 2 — 

Volume 3 — 

Volume 4 — 
4 



Operation and Maintenance of Pneudrau/ic Components contains six chapters covering pneudraulic terms; pneudr^ulic T 
systems supply units, pressure-regulating, limiting and controlling devices; flow control and directional units: landing 
gear components^ and brake systems components. ^ ^ ' ^ ^ 

Pneudrau/ic Systems and Princip/es of Operation contains five chapters discussing aircraft familiarization, principles of 
electricity, pneudraulic povwr systems, hydraulic actuating systems, and aircraft emergency pnctidraUtic systems. 

Grdund Equipment, Scfiematics, and Supervision and Training contains chapters on shop and-aerospace ground equip- 
ment and the use of hydraulic jfchematics. The third chapter on supervision apd 'traiViing was deleted because of references 
to specific military procedures and organization. . ^ ' , 



Each chapter contains objectives, readings, review exercises keyed to the text, and answers to the exercises. Volume review exercises are available, bat 
no answers are provided. This course was designed for student self-stud/ and (valuation while In a shop or on-the*job learr^ing situation. It contains 
much basic information as well as some supervisory training. 
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Preface 

/ 

- ' 

THIS CAREER development course wfff help you qualify in the upgrade 
knowledge re^^mrenients for pneudraulic rep^irmari specialty, this course deals 
.with job-relatea areas for the pneudraulic repairm§h. It is the self-study portion 
of yoOT on-the-job training program. It contains information required^for your 
progression frpm^tTie 3- to the 5-skill level. 

Whereas this course should equ?p,you to-^ass the speciality knowledge tests, 
you rnust still satisfy on-the-job proficiency requirements of your unit OJT 
program before you can advance in skill ievel."* You must apply yourself an^i 
study to acquire this knowledge. ^ ' ' 

This course Contains four volumes. The first volume deals* with pneudraulic 
functions. and career programs. The second covers the operation and main- 
tenance of ^Weudraulic coniponents.iTh^ third deals with pneudraulic systems 
and the principles of operatioa, andkhe fourth'^and final volume is concerned 
with ground equipment, schematics,^and supervision and tr'aining. ' 

This^volume^.contains six chapters. \The first chapter introduces you to the 
organization of mg^iten^ace activities and the Air Force, career program. 
Chapter 2 deals witk Air Force publication types and the technical order 
system. The next chapter details the responsibility for public property, prin- 
ciples of supply authorizWion and manaiejheni, and the security system. In the 
fourth chapter you will iWrn about go^^ housekeeping and safety practices, 
and Chapter 5, deals with %draulic fluids and plumbing materials. Chapter 6.. 
the final chapter of this' voluirte. details jlrocedures for the use cjf handtools. 
special measuring tools, the property of metals, and corrosion control. Each of 
these chapters is impi^rtant to your career. After you have finished reading this 
volume, complete the volume review exercises. Then you will be ready to con- 
tinue, to^Volume 2. which covers the optkatipn and maintenance of th^ 
pneudraulic components. . \\ ' ^ 

If you have questions on,the accuracy orcurVenCy of the subject mayer of this 
text, or recommendations for its improveniien\,\ send them to Tech Tfig Cen 
(TTOC)i Chanute AFB.'III 61868. " \\ 

If you have questions on course enrollment oVladministration. or on any of 
ECPs instructional aids (Your Key fo Career Development. Study Reference 
Guides. Chapter Review Exercises, Volume Rei^iew Exercise, and Course 
Examination), consult your education officer, traimng officer, or NCO. as ap- 
propriate. If he can*t answer.your questions, send Ihem to ECI. Gunter AFB. 
Alabama 361 18. preferably on ECI Form 17. StadAit Request for Assistance. 

This volume is valued at 21 hours (7 points). • 

Maternal in this volume is technically -accurate, adequate, and cujrent as of 
November 1971.* 
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CHANGES FOR THE TEXT: VOLUME 1 



PEN-AND-INK CHANGES: 



Page 
79 

.79 
79 
83 
85 



P^aqraph 
16-37 

16-37 

16- 37 

17- a 
17-15 



Line 



2 & 3 



• 5 
8 

16,*17% 18 



Correction 

Change "onc§ a month" to "every two 
months . " 

CSiange "30" to "60." 
Change "April" to "May." 
Deleta^ 

After "ex-", add the following: 
"... tend through the center of the 
thimble and barrel and protrudes from 
the hole in the center of the base. 
The base provides a sur- . .. ." 
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MODIFICATIONS 



J — 3^ o f this publication has (have) been deleted in 
adapting this fnaterial for inclusion in the "Trial Implementation of a 



Model isystem to Provide Military (Curriculum Materials for Use in Vocational 
.•Hid Toclinica] Education," Deleted matetial involves extensive use of 
mifitary forigg-) procedures, systems, etc, and was not considered appropriate 
for use- Ln vocational and technical education, 

' ' V 
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CHAPTER 4 



Good Housekeeping and Safety Practices 



SAFETY, SAFETY, safety! You have heard u 
before and you will hear it again. So what? Just 
ask yourself, .what does it do for 'me? That is a 
fair question and deserves a fair answer. Would 
you accept a loss of an aryn, a leg, an eye, or 
even your life? Or, maybe not so bad this time, 
just a painful broken hand or skinned knuckles! 
j^e have mentioned a few^jof the outcomes of 
_,_^carelessness, but what can be done to change it? 
First of all, if eacji and every one of us will 
practice safety, we can cut down on these so- 
called accidents. We say so-called, because 
most of them are caused by unsafe acts of 
people, as shown in figure 19. 

2. So the only answer is to be safe oh and off 
the job; don't take chances. It may take a little 
longer, but do things the right way, the safe 
way, and prevent pain and damage. 

3. What's in it for the Air Force? The answer 
is simple — the mission. Every accident, minor 
or major, hurts the Air Force mission. What 
happens when you get hurt and go to the hos- 
pital? Well, you are still on the payroll; the 
doctors are on the payroll; time is lost; 
someone wise' has to do your assigned job, or it 
has to wait until you return. Results: a lot of ex- 
tra expense for the Air Force, unnecessary pain 
for you, and a job not being done! The bad part 
is that most of this can be prev\^ented. 

^ 9. Good Houseicee|>ing^ 

9-1.. It has been truly said that "cleanliness is 
next to"^ Godliness.*' Good housekeeping is that 
neatness and cleanliness ^hich prevent fire 
losses. It is also necessary for the successful 
performance of a job. 

9-2. Good Housekeeping Principles and 
Practices. The first rule of good housekeeping 
is personal cleanliness. If you are ah orderly 
person and present a good appearance, it will 
probably be reflected in your work. A person 
who keeps himself clean has delreloped a habit «^ 
which will be carried o>cr into all his actions. 
Thus, yof i'lvc mad/s a grear stride in the tight . 
direction, x ou are already far ahead^br the 
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Figure 19. Accident causes. 

game in this safety proposition if you have lear- 
ned toJceep yourself and your clothing- neat and 
clean. 

9-3. Next, there is your work area. Many'so- 
called accidents can be prevented. Much of the 
lost time and pain could be avoided if you keep 
your work area clean and orderly. As an exam- 
" pie, oil spilled on the floor may cause you*' or 
another to slip. The result may t^e serious in- 
jury. If oil or fuel is spilled, it should be 
covered with an approved compound; or better 
still, it should be cleaned up iitimediately. The 
floor or ramp must 6e kept free of obstructions. 
An extension cord or dropped tool may cause 
you to trip and injury ypurself. 

9-4> Some units that you will disassemble 
have small parts. They can easily be lost, 
broken, or mixed with other parts. To avoid 
.lost time while you hunt another part, keep 
your work area neat and orderly. A cluttered 
bench makes effective work almost impossible. 
•This is the starting place for an accident. Worn 
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out part.i should be disposed of promptly in the 
correct pieces — not on the floor, 

9-5, Other items that always find their way 
into your work area are soft drink bottles. They 
should be kept in the break area and in the 
proper container. A broken bottle is one of the 
most dangerous of objects. Candy \nd gum 
wrappers belong around candy and gum^^r in 
a wastcbasket. Never allow gum to be found on 
the floor. It makes for a soiled floor when you 
step into it, and it might cause a fall. 

9-6. Every shop has a designated place for . 
toolboxes when they are not in use. Keep them 
in their place and keep the lid closed. It does 
not require much time or effort to open the box 
wl^cn you need a tool, and you^ may prevent 
someone from badly brui^ng his shin. Most 
sljops will have a tool bcMrd to make special 
tools available to^l who ^y need them. Keep 
them in place. Since some of these tools are 
quite heavy, get help or use a chain hoist if 
necessary to put them in place. 

9-7. If your shop maintains a stockroom, 
goods should be stacked neatly, in the 
prescribed location. This will prevent possible 
damage to the stored items and also make them 
readily available. ( 

9-8. Good ventilation leads to good work. 
Ventilation is actually necessary for the health 
and safety of personnel. You will find that your 
work output will drop off considerably if you 
are too hot or too cold. If the air is dusty' or 
fumes are present, inform your supervisor or 
trainer. Make him aware of the conditions un- 
der which you are working. He can then take 
the necessary corrective action. 

9-9. Proper lighting is another requisite for 
doing work. Definite standards have been set 
up by the Air Force to provide the correct 
illumination for all installations. Good lighting 
works hand in hand with good housekeeping to 
eliminate many accident hazards. 

9-10. Fire Preyention. Closely allied with 
good housekeeping and absolutely necessary, is 
a fire prevention system. The best'cure for any 
fire is to prevent its occurrence.You must carry 
out all safety precautions with regard to the 
prevention of fires. This means you must know 
what to do and how to do it when a fire does 
occur. 

9-1 1. Many fires are caused by carelessness 
and by poor housekeeping. Oily rags th/own 
in a corner are excellent material for a healthy 
fire. Poor storage practices, especially of flam- 
mable materials, have caused many avoidable 
fires. Overloaded electrical outlets coupled 
with defective circuit breakers may also cause a / 
fire. NO SMQKING signs were made to be ob- 
served; lightei^ cigarettes or matches thrown in 



wastepaper baskets full of paper are not usually 
put out by the fall. Here are a few precautions 
that you should observe with regard to fird 
prevention: 

a. Do not allow large quantities of rags to ac- 
cumulate. Be sure that all oil rags are kept in 
approved, closed containers. 

b. Observe the signs in the NO SMOKING 
areas. • 

c. Never allow your clothing to become 
. saturated with fuel or oil. If they should 

become that way accidentally, change your 
clothing as soon as possible. Contaminated 
clothing may cause skin problems as well as be 
a fire hazard. 

d. Do not permit combustible fluids to be 
stored in open containers. An example is 
gasoline or jet fiiel. 

e. Always make sure that the static lines are 
in place. The aircraft m^ist be grounded 
properly before you work on it. ' 

/ Never deposit cigarettes or ixiatches in a 
wastebasket even if they appear to be out. 
[ g. Be clareful with hydraulic fluid; it is not a 
Highly flammable liquid, but it will burn. 

h. Use only approved cleaning- solvents. 

9-12. Fires will occur, no matter how many 
precsfutions are taken. You must be ready to 
fight them quickly and effectively. This implies 
that you should know the telephone number of 
the base fire department; and the location of 
the fire extinguishers. Yjqu should also know 
which type of extinguisher to use for the type of 
fire you are fighting. 

9-13. The telephone number for the base fire 
department is usually posted in large letters. 
These posters are at intervals in the shop, in the 
barracks, and on the flight line. Usually the 
telephone directory has the number on the 
cover or first page in large print. Also a gum 
label with the number is attached to the phone. 
If alarm boxes are installed on your base, learn 
where they are and how to use them. 

9- 14. Fire extinguishers may look alike, but 
a fire may be made worse if the wrong type of 
extinguisher is used. Figure 20 will give you a 
good idea of what types of fires the various ex- 
tinguishers can be used on. The chart also gives 
their effective ranges. Study it carefully. When 
you practice safety, you protect yourself. Our 
next subject broadly covers the field of safety. 

10. Safety Practices 

10- 1. Each person assigned to the shop 
should make an i»ffort to improve safety con- 
ditions. Always be on the alert for un- 
satisfactory conditions that could result in in- 
jury to personnel or damage to equipment. 



Type Qf 
Extinguisher 


w 

Punjp-Tank 


Soda Acid« 


Foam Types 


Carbon 
Dioxide 


Chloro- 
bromome thane 


Use on: 


Type A Fires: 
Wood, trash, 
paper, waste. 


Type A Fires: 
Wood, trash, 
paper, waste. 


Type B Fires: 
Gasoline, oil 
and oil base 
material, var- 
nishes, etc. 


Type C Fires: 
Electrical fires, 
confined fires on 
oil, ordinary 
combustibles. 


Type C Fires: 
Electrical fires.' 


May also 
be used on: 






Wood, trash, 
paper, waste. 


Type A and B 
fires. 


Small firej. 


Method 
of using: 


Direct stream 
at base of 
flames. 


Work close for 
penetration. Di- 
rect stream at 
base of flames. 


Apply complete 
blanket of foam 
over surface. 
Avoid a direct 
stream on oil 
surfaces. 


Apply so that gas 
floods material in 
a wave-wprking with 
(jlraft. Extinguisher 
lasts only a few 
' seconds. 


Direct stream 
on base of fire 
or hot surface. 

1 


Effective 
range: 




30 to 40 feet 


30 to 40 feet 


3 to 6 feet 


IS to 30 feet 

^ » 


Principle of 
extinguish- 
ment: 




Cools burning 
surfaces below 
ignition point. 
Any stream 
generated tends 
to smother 
flames. Practi- 
cally no gas 
leaves nozzle. 


Blankets burning 
material with 
froth or foam, 
wh^h excludes 
oxyg[en. C^ls 
and insulates 
surface from heat* 
Blanket prevents 
flashbacks. 


Flame is ^ 
smothered by 
heavy blanket 
of nonflamma- 
ble gas. 


Upon contact 
with flamei, or' 
hot surface, the 
liquid converts . 
into a heavy 
smothering 
vapor. 


Warning: 


Never use on 
charged electri- 
cal equipment, 
varnish, oils or 
other fuels. Pro- 
tec| from freezing. 


Never use on 
charged electri- 
cal equipment, 
varnish, oils or 
other fuels. Pro- 
tect from freezing. 


Never use on 
charged electri- 
cal equipment-. 
Protect frcfm 
freezing. 


CO2 will not sup- 
port life. Avoid • 
extended exposure 
in area where it 
has been used, es- 
pecially in pits. 


Do not use in 
closed areas. It 
liquid comes into 
contact with skin 
or eyes, wash 
immediately with 

water followed by 
medical treatment. 
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Figure 20. Use of fire exlinguishers. 
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Preventive maintenance and periodic in- 
spe,ctions of shop equipment are important fac- 
torsftn establishing a safe and efficient shop. 
UnOTubtedly, one of the greatest factors in 
safety is the elimination of the causes of ac- 
cidents. This depends, in great part, on you, 

10-2. Common handtools are a frequent 
source of injury, and they deserve more fespect 
than they ordinarily receive. A sound rule for 
the use of handtools is this: Use the tool for its 
designed purpose and keep it in a good state of 
Repair. Portable power tools are more hazar- 
dobs than handtools because they are powered 
by electricity or compressed air. Shops and 
their equipment present their own particular 
hazards. An example is a hydraulic component 
tester with its high pressure. Your supervisor 
will explain the safety precautions to observe 
while you operate shop equipment. It's his job 
to make sure that you don't get hurt. How can 
he get the work done if his people get hurt? Of 
course, most supervisors have a personal in- 
terest as^ well as a professional one. 

10-3. When working in the shop use the 
proper guards and -observe caution markings 
found on power equipment. Whenever possible, 
guards should be permanently installed. 
Machines with movable guards should have a 
safety power cutoff swit.ch inslalled. The colors 
used for safety markings are red to indicate 
danger or point out emergency* stop devices. 
Yellow is used to indicate caution, and green to 
identify safety equipment facilities and their 
locations. Black and white are used for in- 
formational signs. 

10-4. Working Around Danger Areas. 
Perhaps we should call danger areas potential 
danger areas. The danger potential is there,.but 
it normally does not become hazardous unless 
we become careless. The best way to treat air- 
craft and aircraft systems ns with respect and 
caution. Don't take chances; know what you are 
doing/ 

\0-p. Jet aircraft have more danger areas 
than &he reciprocating type; thus, we will base 
our cliscussion on Jets. For example, when a jet 
enginjb is in operation, the turbine wheel, 
exh^st blast, and the suction effect in front of 
the engine are danger areas. Each requires par- 
ticular attention by all personnel working in 
the immediate area.' Other hazards include 
high-intensity sound, radiofrequency radiation, 
armed aircraft, egress systems, and power- 
actuated equipment. 

10-6. Turbine wheel danger areas. A red 
stripe paiated on the fuselage or engine nacelles 
indicates where the turbine wheel is. Do not 
stand in line with that stripe during engine 
runup. This is a dangerous area. 




10-7. Engine exhaust danger areas. The 
high-velocity, high-temperature exhaust blast of 
a jet engine is especially hazardous to per- 
sonnel. Do not pass close behind a jet aircraft 
with its engine operating. The blast distance 
will vary with differeni: aircraft. For an exam* 
pie, F— 106 aircraft must be cleared by at least 
350 feet behind the airplane. 

10-8. Engine intake danger areas. The suc- 
tion effect of a jet engine can also kill a man if 
he is drawn^into the intake. Ordinarily, persons 
must not approach within 25 feet of jet intakes 
when the engine is operating. The intake ducts 
should be free of all objects. > 

, 10-9. H4gh'intensity sound. While working 
on aircraft you are e;(posed to extremely hazar- 
dous noise potentials. The noise endangers a 
person's hearing and interferes with speech 
communications. It also leads to fatigue. 
Fatigue leads to faulty maintenance, causing an 
increase in number of accidents attributed to 
"maintenance errors." As a result, there is a 
general increase in the number of accidents. 

10-10. The loudness of sound is measured in 
decibels. Noise levels of 110 to 120 decibels 
(db) and above are common in the vicinity of 
operating jet aircraft engines area. Multiengine 
jets frequently exceed 1 30 db. You may suffer 
physical injuries at these higher levels unless 
you are suitably protected. Noise levels of 85 
db and .below are considered relatively safe. 

10-11. Ear defenders, selection of aircraft 
r-unup area, noise -suppression Vaevic^; and 
other precautions protect against noise Hazards. 
The noise intensity of jet aircraft is greatest to 
the fear of the engines at an angle of 45^ on 
either side. Do not work or stand in these high- 
ijitensity noise areas unless absolutely 
necessary. Ear defenders alone will not give 
you enough protection at levels of 130 to 140 
db. If you must work in these areas wear a 
headset in addition to earplugs. Then keep the 
period of exposure as short as possible. 

10-12. A person who has worked too long in 
areas with high db levels will show symptoms of 
sickness or injury. He may have pain, a feeling 
of fullness, and a ringing or burning of the ears; 
dizziness, impairment of mental concentration; 
.. and occasionally nausea, vomiting, or weakness 
of the knees. Emotional irritability is often a 
sign of noise fatigue. When any of these symp- 
toms are. noted, the affected person should be 
taken from the noise area immediately. A 
medical officer should examine him before the 
effects wear off. 

10-13. Radiofrequency radiation. Specific 
precautions are necessary for personnel han- 
dling fuel and ammunition near high-powered 
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radiofrcqucncy transmitters. There is the poten- 
tial danger that the radar will be beamed at 
them. A high-powered radar beam can ignite 
• steel wool 100 feet away. 

10-14. If the microwave radiation of a radar 
beam strikes the human body, it causes internal 
heating. This may cause damage to the tissue if 
the rise in temperature is sufficiently high or 
prolotiged. Eye tissue and the testes are more 
sensiti^to these damaging effects than other 
( parts of the body. Shielding and distance give 
\some protection. The best rule to follow is: 
radar and certain radio equipment must be tur- 
ned off when maintenance is being performed. 

10-15. Armed aircraft. Be extra careful when - 
performing maintenanqp on aircraft that are ar- 
med. Armed aircraft have warning signs near 
the cockpit entrance and on the fire control 
system panel. They also have safety pins with 
streamers on the arm devices. Part II of AFTO 
Form 781 must have a statement indicating 
what arms are installed^ Although only limited 
maintenance is normally performed on armed 
aircraft, observe and obey all armament warn- 
ing signs;, be cautious in 4he use of external 
power. Do not operate any armament switches 
or remove their safety devices. Do not remove 
the streamered safety pins from armament 
devices. Before you perform maintenance on 
armed aWraft, study the applicable aircraft - 
technical manuals. Also read other safety direc- 
tives in order to be completely familiar with the 
safety precautions. \/ 

10-16. Egress systems. Maintenance per- 
sonnel accidentally firing the ejection seat or 
canopy could result in serious injury a)id 
damage to the aircraft. Ejection seat and 
canopy ground safety pins are installed im- 
mediately kfter flight. They will remain safetied 
while the aircraft is on the ground. These 
ground safety pins are 4ttached to red 
streamers. The streamers have the words ' 
REMOVE BEFORE FLIGHT stenciled^ in 
large letters on them. The ground safety pins 
provide protection from accidental firing of the 
seat and canopy initiators. Usually, for ex- 
tensive maintenance, egress personnel will 
disarm the seat and canopy. 

10-17. Here is a word of warning concerning 
initiator safety pins. It is possible to install the 
initiator safety pin incorrectly by making them 
look safe when they're ready to blow! Figure 21 
illustrates the correct, as well as the incorrect, 
way of installing safety pins in the initiators. 
Notice the safety pin in the "unsafe'* drawing! 
The initiator goes part way into the hole but 
does not seat in the retaining groove of the 
pinhead. 

10-18. When working in the seat or canopy 
area exercise particular care to avoid accidental 



arming and firing. Extreme heat or unin- 
tentional movement of the actuating 
mechanisms can fire the ejection seat catapult 
or canopy reitlover. Do not place tools in your 
pockets while working in the cockpit area. 
Screwdrivers in hip pockets have caused ac- 
cidental firing of seats. Know the aircraft egress 
systems that you are working around. Know 
where the safety pins are installed and how they 
shoul^ be installed. These systems should com- 
mand the same respect that you have for a 
machinegun. They are, in a way, types of 
firearms. 

•10-19. Power-actuated surfaces and equip- 
ment. Aircraft with power-operated (most are 
hydraulic) devices, such as flight control sur- 
faces and landing gear, present a potential 
danger. If you carelessly operate any of these, 
you can damage equipment or injure someone. 
These systems are designed to operate quickly 
arid against heavy airloads. They can be quite^ 
dangerous unless all precautions are observed. 
It is your job to check out and maintain these 
systems, but use caution. Before going into a 
bomb bay to work on it, make sure that you 
ha^ disabled the^'isystem. Don't get trapped by 
someone throwing switches! Curiosity can be 
dangerous and there is a little bit of it in 
everyone. **What will happen when I flip this 
switch?" Watch out for the hangar pilot! When 
operating systems to check them out, make sure 
that they are clear of personnel and equipment. 
Havfe someone stand by and make sure that 
^veryojie stays clear of the dangdr areas. 
^ 10-20. Sharp edges. The control surfaces of 
some jet aircraft have unusually sharp edges. 
When working on or near these edges be 
especially cautious. During prolonged main- 
tenance periods, use suitable protective covers 
on such edges. If you cannot do this, tape the 
sharp edges. Attach red streamers to indicate 
the danger area. Watch where you are going; 
serious irtjuries have occurred from persons 
simply*'^alking into sharp edges of flight con- 
trols. 

10-21. Aircraft walkways and NO-STEP 
areas. The aerodynamic efficiency of aircraft 
can be affected by damage from maintenance 
personnel walking on aircraft surfaces. When 
repair work makes it necessary to walk or step 
on the aircraft, use the designated walkways. 
Under no circumstances walk or step on areas 
desifhated as NO-STEP areas. Besides causing 
damage, you can very easily Slip anA fall when 
stepping on slick wing surfaces. Designated 
walkways are covered with nonskid material. 
High-speed aircraft must have smooth surfaces; 
for/ this reason, you have to be extra careful 
when climbing onto or walking on external sur- 
faces other than nonskid areas. Wear.e-ither 
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Figure 21, Safe/unstfe initiators. 



suitable soft-soled shoes or protective pads, and 

bc-xjireful not to walk on NO-STEP areas. 
> 

-22. Hydraulic servicing precautions. Ser- 
vicing aircraft hydraulic systems is not as hazar- 
dous as servicing fuel or oxygen systems. But, 
hydraulic fluids under high pressures do in- 
volve certain dangers and require precautions 
on your part. Make certain that all pressure is 
removed from the system before you disconnect 
any liftes. Furthermore, ySu cannot properly 
service most aircraft with pressure in the 
system. If fluid is to be added to a pressurized 
hydraulic reservoir, the "feservoir must be 
depressurized slowly. Then remove^ the filler 
cap. Since different aircraft have different 
hydraulic systems, the serv^ing procedures and 
precautions also differ. Detailed servicing in- 
structions and precautions are found in the ap- 
plicable aircraft technical manual. The 
hydraulic systems of some aircraft are serviced 
with a hydraulic test stand attached and 
operating. This involves observing precautions 
for the test stand as well as the aircraft. Ser- 
vicing with clean hydraulic fluid of the correct 
type is extremely important in order to prevent 
failure of the .system. Remove any hydraulic 
fluid spilled in or.on the aircraft, and wipe the 
area clean. Be careful not to spill hydraulic 



fluid on other components such as electrical or 

electronic units. 

'10-23, It is necessary to service ac- 
cumulators with dry, filtered air or nitrogen to 
the correct pressure. Never service a hydraulic 
accumulator with high-pressure oxygen: 
Oxygen itself is not flammable, but it will sup- 
port combustion in other flammable materials. 
If oxygen is permitted to mix with flammable 
gases or fiimes, the result can be highly ex-* 
plosive. Oxygen and grease, oils, or fuel make a 
highly dangerous combination; keep them 
apart. 

10-24. When using high-pressure air, be ex- 
tremely car'efiil and tolerate no horseplay; it 
can be very dangerous. Air pressure strong 
enough to clean dust or dirt is also strong 
enough to blow it up into a person*s eyes and 
ears, and cause possible damage to the t>ody. 
Pressures a^low^as 10 to 15 psi have been 
known to cause serious ^injuries. It has been 
estimated that pressure of only 4 psi will rup- 
ture the intestines when "goosing'' is indulged 
in. 

10-25. Radioactivity, You may in the future 
be » required to work around radioactive 
material. You must be aware of the safety 
precautions to be observed and instantly 
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recognize the radiation warnings. We have 
prepared ^ general list of precautions that must 
be observed. Remember, you cannot see 
radioactivity, and it may be hours before you 
feel the effects of radiation. 

a. You must have a physical examination if 
you are exposed to^radiation. If you are 
working around radiation you will be 
scheduled^ for an examination periodically. 

b. Be sure that the base monitor briefs you 
on the measures and hazards involved. 

c. You must wear protective clothing while 
working around radioactive materials. 

d. Wear a film badge or a pocket dosimeter 
at all times when around radioactivity. 

e. Practice good hygiene such as washing 
your hands and face thoroughly before eating 
or smoking. 

/ Do not eat, drink, smoke, or chew gum 
while in the area. 

g. Report any scratch or cut made by a 
radioactive material. Such scratches may cause 
severe sores and be very slow in healing. 

h. Do not wear personally owned items such 
as watches and rings. They may become con- 
taminated. 

I. Do not handle telephones, reports, or 
other similar objects while wearing protective 
gloves. You may contaminate them. 

/ Do not breathe dust or metallic particles 
which come from radioactive materials. 

10-26. To aid in^ the identification of 
radioactive material, the AFTO 9 series forms 
have been devised. These are yellow with a 
magenta (reddish-purple) warning symbol. A 
description of the forms and instructions for 
handling contaminated items are contained in 
the 00 — 1 10 series Technical Orders. Any time 
these warning symbols appear, ' precautions 
must be taken. The AFTO 9 series form are 
listed as follows: 

a AFTO Form 9' Radiation Area Warning 
Placard (8 1/2x11 inches). 

b. AFTO Form 9A, Radiation Warning Tab! 

c. AFTO Form 9B, Radioactive Material 
Warning Label (2 1/4 x 3 5/8 inches). 

d. AFTO Form 9C, ^Radioactive Material 
Warning Placard,^?!, 1/2 x J 1 inches,), shown in 
figure 22. ^ 

e. i\FTO Form^^ 9D, Radiation Ingestion 
Hazard Placard (8 1/2 x 11 inches). ^ 

/ AFTO Form 9E, High Radiatffn Area 
Warning Placard (18 x 24 inches). This placard 
will be used to identify an* area where radiation 
intensity is 100 milliroenigens per hour or 
greater. 

• 10-27. Do not enter a radiation area unless 
it is absolutely necessary. When you must work 



in a radiation area, follow all precautions and 
do not stay any longer than necessary. 

10-28. Off-Duty Safely. A man assigned to 
a hazardous operation as part ot his cfaily duty 
is conscious of danger. He will prepare himself 
accordingly. He is also under almost constant 
supervision during duty hours. He knows.that if 
he violates regulations and directives he will be 
reprimanded or disciplined for his wrong 
doing. Thus, he is kept in line. 

10-29. Now follow this same airman after 
hours. He showers, relaxes, and looks around 
for some recreation. His carefulness usually 
relaxes right along with his body. Perhaps he 
decides to go to the hobby shop, engage in some 
sport, or go for a drive. For these activities, 
there is no safety officer to caution him; many 
tinges, there are no posters to warn him and no 
supervisor to admonish him. He's strictly on his 
own, often without the ability to handle the 
assignment. Let's take a look at some of the 
hazards that might confront this airman. Also, 
what he should do to meet them. We shall focus 
on safe driving during off-duty hours, safety in 
sports, safe conduct in the barracks, and safety 
in hobby shop activities. 

10-30. Safety in driving. As a source of off- 
duty pleasure, the automobile rates top billing 
with Air Force personnel. Unfortunately, it is 
also their greatest threat to life and lijfib. For 
exampje, in 1960, private motor vehicles driven 
by Air Force personnel were respoiisible for 
more than 340 deaths and 3,200. disabling in- 
juries. 

10-31. What can you do to reduce the off- 
ba$e, off-duty accident rate? First of all, learn 
the traffic laws. Secondly, observe these laws 
strictly. Several factors must be considered 
regarding the exact observance of traffic laws, 
among them the following: ^ 

a. Never try to travel too far in too short a 
^ period of time. This can be assured by your 

adhiering to your tjftse's travel policies. ^ . 

b. Don't continue driving when you are 
sleepy 6r overtired. Remember that^when you 
have an accident you endanger notion ly your- 
self but the /driver and passengers of other 
vehicles as well. 

c. Make sure. your car is in good mechanical 
conditidn before starting on a trip. Malfunc- 
tioning brakes, lights, and windshield wipers, as 
well as badly worn tires, invite auto accidenis. 

d. Remember — alcohol and driving do not 
mix. 

e. Speed limits are made to be observed and 
highways/are not intended to be racetracks. 

10-321 You can undoubtedly add man^Tnore 
precautions to the ones listed. If you want to go 
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Figure 22. Radioactive material warning. 



on living with*a whole and sound body, drive 
carefully: 

10-33. Safety in sports. Sports should ot- 
cupy a very important ^jlace in your Air Force 
life. Military planners are becpMng more and 
^more conscious of this fact. T4>i&1s a means for 



helping personnel do their jobs better and 
develop themselves physically. The more com- 
mon athletic activities are swimming, football, 
boxing, wrestling, basketball, baseball, track, 
and golf. There are activities sponsored by the 
Air Force after duty hours. When properly 
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organ^&d and supervised these Activities db 
much to train the airman physically and men- 
tally. However, when engaged in improperly, 
they become a source of danger and often a 
cause of injury. , 

10-34. Safety in barrack^. At first glance, 
barracks life seems to be perfectly harmless. 
However, the very fact that so many different 
types of men live in one building presents the 
danger. The barracJcs can be a source of a great 
many accidents which are not always ac- 
cidental. 

10-35. Horseplay should never be tolerated 
in the barracks. During morning cleanups and 
G.I. parties, serious injuries can be — and often 
arc— caused by happy-go-lucky broom and mop 
wielders who exhibit their prowess as fencing 
experts rather than cleaners. 

10-36. Smoking in bed is a practice th£M^> 
leads to many unpleasant results. Bytt cans ana 
not the center aisle of the bay should be used to 
dispose of cigarette butts. In case of a fire in the 
barracks, use the same procedure outlined in a 
preceding section of this chapter where fire 
prevention was discussed. 

10-37. Safety in the hobby shop. The base 
hobby shop — and most modern bases have 
one — is a good place to^relax after a day's work 
and yet do something useful and practical with 
your spare tinfie. Most hobby shops are built 
and equipped on the assumption that the using 
personnel are not fully skilled in what they are 
doing. Even so, you must still exercise care in 
using the equipment provided. 

10-38. Carpentry equipment is ' especially 
dangerous. Such tools as motor-driven saws, 
power drills, and other wood-shaping equip- 
ment should be used with caution and ac- 
cording to directions. Failure to do so can 
result in irreparable bodily injuries. Following 
are a few precautions of which every hobby shop 
user should take note: 

P^ake sure you are checked out on the use 
of eqbipment. 

b. Use safety guards at all times. 



c. Make sure the flodt around machines is 
free from stumbling and tripping hazards. 

d. Keep the floor clean of sawdust and 
scraps. 

10-39. Never forget that hobby sljiop SOPs 
were written for your protection. It is to your 
advantage to become completely familiar with 
all operating procedures before attempting to 
use any {^iece of hobby shop equipment. 

10-40. Accident Reporting. If you are in- 
volved [d an accident, your supervisor arid the 
ground safety officer are required to fill out 
forms reporting the circumstances and the ex- 
tent of damage and injuries sustained. Although 
there are several forms, the USAF Form 711 
and 711a, Ground Accident/Incident Report, is 
the one that will most concern you. Your super- 
visor has to know his business ifi order to fill 
out the form, and your cc^operation is 
necessary. Accidents are reported as prescribed 
by AFR 127—4. Reportable accidents aresj 

a. Injuries to Air Forpe military and civiliah 
personnel or those stationed, assigned, or em- 
ployed at Air'vForce installations. 

b. Injuries to non-Air Force personnel 
resulting from Air Force ground operations.- 

c. Accidents and incidents resulting in 
disabling injuries or property damage of $25 or 
more. Such accidents are referred to as **repor- 
table ground accidents." When an accident is 
reported fpr any of the foregoing reasons, alf 
injuries without regard to their extent or 
amount will be included. 

LO-41. Remember, safety is a full-time job. 
Safety, then, is my Jotb, your Job,,everbody's Job. 
Observance of the rules set down can easily 
mean the difference between the complete suc- 
cess or utter failure of the mission of your 
organization. Safety also requires self- 
discipline and prdper supervision and training. 
Supervision and training are essential part^ of 
any maintenance organization and will be 
discussed in a later v^ume. 
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Hydraulic Fluids and Plumbing Materials 



PROPER OPERATION and correct main- 
&__^tenanee of hydraulic systems depend on the use 
the^correct fluid. As a pneudraulic repair^ 
man, you should be able to identify the various 
typcji^, of fluids used in hydraulic systems. 
Sexious damage can result if the wrong fluid is» 
used. The cleanliness of hydraulic fluid is also a 
critical factor in our newer aircraft. 

2. Various plumbing materials m^ake up a 
hydraulic system. For example, there are seals, 
backup rings, fittings, tubing, and hose. You 
must be familiar with these various seals and 
backup rings, because they are designed for 
specific systems. No hydraulic system will 
operate satisfactorily unleis*ts tubing and hose 

^ can withstand the pressures .under which the 
system op^^ates. 

3. Safety devices can also be considered 
as plumbing materials. These devices are 

^ designed for specific uses, and the correct 
safety device must be used and applied in the 
A " correct mangier.. 

4. Let's first discuss fluids that are used with 
hydraulic systems. Then we'll follow this with 
the Various plumbing ^devices. 

11. Fluids 

1 1-L There are several types of fluids used 
in hydraulic equipment. They are referred to as 
"hydraulic fluids" and "cleaning agents." 
During our discussion of fluids, we will also 
cover flushing and servicing of hydraulic 
systems, 

11-1 Hydraulic Fluids^. Hydraulic fluids 
are generally classified byaheir type and base. 
For example, there is the petroleum-base fluid, 
the vegetable-base fluid, and the synthetic-base 
fluid. 

1 1-3, Petroleum-base fluid. One petroleum- 
base fluid is specified by MIL-H-5606. 
Petroleum -base fluid (5606) is dyed red for 
easy identification. It is generally supplied in I- 
quart and I -gallon containers and is available 
in one grade only. This one grade has an 
operating range of —65°. (-53.9° C.) to 
275° F. (135° C) The advantage of this wide 



operating range is the ability of the fluid to per- 
form adequately in summer and .winter tem- 
peratures. The seals required with the. 
petroleum-base fluid may be of synthetic rub- 
ber, leather, or metal composition. This type of 
fluid is used in most aiftraft^^and missile 
hydraulic systems. Automatic pilots and Con- 
trol surface mechanisms also use this type of 
fluid, 

11-4. Another petroleum-base fluid is 
presently known as ^4IL — H-6083. Fluid 
6083 is supplied in only one grade. It is in- , 
tended for use as a preservative oil in shock 
struts, hydraulic equipment, and spare parts. It 
is also used as a testing and flushing oil for 
some hydraulic components It may also be 
used as an all-temperature operating fluid in in- 
dependently serviced shock struts. However, , 
should not be used in regular aircraft hydraulic 
systems. 

1.1-5. Vegetabie-base fluid. This is a blue ' 
colored fluid and is now obsolete Hot normal 
Air Force use. 

11-6, Flush all systems and components ^ 
inadvertently serviced with fluid of the in- 
correct type. Should an aircraft hydraulic 
system or component accidentally be serviced 
with the incorrect'fluid, it must be immediately 
drained. Check the proper technical order for 
detailed instruction. 

I 1-7. To determine the fluid used in an air- 
craft, check the maintenance instruction 
technical order. Another method is to read the 
instruction plate on the individual unit or 
reservoir. ^ 

I I -8. Whenever fluid is drained from an air- 
craft hydraulic system or component, it must 
not be reused. Instead, it n»ust be disposed of 
according to Air Force regulations, 

11-9. Synthetic fluids were developed to 
counter heat problems in some new aircraft. 
The close tolerances of some units require a 
fluid to withstand abnormal temperatures. The 
heat can come from the speed of the aircraft- or 
internal design of the units, 

1 1-10. The fluid used in these systems is a 
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synthetic-base *ana carries a MIL-H — 8446 
specification number. PvIIL — H — 8446 can be 
disiingaished from other hydraulic fluids by its 
golden-amber color. The tempecature operating 
range is approximately — fr?** F. (-55® C.)* tr 
approximately 350® F. (177® C). XKe 
maximum sustained operating temperature is 
270® F. (132®- C). . /i 

1 1-1 1. The disadvantage of MIL VH:^ 8446 
is its susceptibility to moisture co0iamination. 
Moisture causes a chemical change in the fluid, 
which in turn causes sludge and varnish 
deposits to form. This, of ^course, is an un- 
desirable factor. To /help in keeping 
MIL — H— .8446 moistur^free, it is supplied in 
'Specially designed ja)ntain^rs. They are 
pressurized with a dry nitrogen charge. 

.11-12. Seals used with MIL-H-8446 are 
not interchangeable with -seals used with any 
other type of hydravfliciluLd. These seals can be 
distinguishecK/Oy a white dash, and 90® from it, 
a yellow dot. Wh^n replacing seals make cer- 
tain that /they are properly packaged and 
labeled /When you receive them. 



seal! 



/may be scratched or scarred, f|r possibly a 
varve Qfiay be held slightly open b>|foreign mat- 
er. Therefore, thorough cleaniji^ of a unitJs 
very important. ' ' ^ . \{ 

11-17. .When overhauling as.jupit,' always 
check the applicable technical .^rder. The 
technical drder will give tBe correM procedure 
for disassembling, cleaning, assejlblirig, and 
testing. If no particular type cp solvent is 
specified, PS-661 may be used||PS~661 is 
normally used on units wh|ch reqdire 
petroleum-base fluid for operation. Denatured 
alcohol is an £^pproved solvent for units 
operating with vegetable-bqise fluid. 
Trichloroethylene is the recommencled cleaning 
agent for units used with MIL — H — 8446 fluid. 
Whichever type is used, be sure, to clean the 
unit and internal parts according to the 
technical order instructions. Before assembling, 
be sure that all parts are completely dry. Com- 
pressed air or a lint-free cloth mayj^e used for 
drying. ^' ^ 

11-18. Since *^some of the solvents used are 
v^ flaqimable and volatile (forms vapor 
rapidly), exercise extreme care whfn using 



1 1-14. Remember, MIL-H -8446 is- not a j^^^ ^ cleaners in a tightly sealed con 

general-purpose fluid. Be sure to follov* jthfe / j^jj^^j. - * - 

technical order for servicing and other mairt^/ 
tenance performed on aircraft using this fluid. 
11-14. Servicing Hydraulic Systems and 



Components for Storage. Before a complete 
aircraft hydraulic syst^ can be placed in 
storage, it must be properly serviced. The ser- 
vicing procedure depends on the type of fluid 
used for normal operation. If the system con-^ 
tains petroleum-base fluid, drain and inspect a 
sample of fluid from the lowest point in the 
system. The sample must be free of sludge and 
dirt. If it is, add a sufficient quantity of fluid 
to bring the reservoir level to its normal height. 
Should the sample show signs of foreign matter 
of any kind, the complete system roust be 
drained. Then flush the system with fluid 
(5606) and refill with fresh- petroleum-base 
fluid. . • 

11-15. When units are prepared for storage 
or shipment, the procedure also depends on the^ 
type of fluid normally used. A unit using the 
petroleum-base fluid must be flushed internally 
with oil. The unit is then drained to the drip 
point, and all ports are plugged. N6^ cleaning or 
flushing h necessary when returning the unit to 
service. 

11-16. Cleaning Agents* A hydraulic unit, 
when disassembled and overhauled, should 
always be cleaned with a suitable solvent. 
Solvents remove dirt, grit, foreign matter, or 
sludge that may be lodged on the internal parts. 
Grit or, dirt, for instance, decreases the sealing 
ability of a metal-to-metal contact. Rubber * 



If used indoors, be sure that thei, work 

area is well ventilated. 

I 1-19. Fluid Contamination* Con- 
tamination in a hydraulic system is the presence 
of any material other than thfe specified 
hydraulic .fluid. This includes water, metal, 
dust, and other solids. We will discuss con- 
tamination effects, control, prevention, and the 
two general sources of contamination internal 
and external. 

11-20. Internal contamination. This can be 
caused by normal wear of the pump or other 
components. When filters are used too long 
(especially paper element type), particles may 
begin breaking off the filter element. Moving 
seals and backup rings also add contamination 
to the system. 

11-21. External contamination. This is 
generally caused by poor maintenance prac- 
tices. Socne examples are leaving hydraulic lines 
open after removing a part; wiping fittings with 
dirty rags; leaving valves, tubing, etc, un- 
covered on workbenches; changing fluid with 
dirty equipment; and installing new or rebuilt 
parts that have not been properly cleaned. 

11-22. Effects of contamination. There are 
many effects of contamination. We will use one 
example for our discussion. During final lan- 
ding approach, the pilot was unable tO/^et the 
landing gear .down. He was forced to use the 
emergency extension system, with which he was 
able to slowly lower the gear. Investigation 
revealed a small metal particle in the gear selec- 
tor valve which kept the valve in the UP 
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position. This kept hydraulic pressure on the 
gear-up side of the actuators. Fortunately, the 
emergency-down system worked. It Applies 
pressure to the large side of the actuating cylin- 
der piston, this overcoming the up-pressure. 
VThe contaminant in this case was determined to ^ 
have been left in the valve during as^mbly.^ 

11-23. Control and prevention on con- 
tamination. To help contrdl contamination, a . 
kit has been developed to sample and check 
fluid for contamination. When the fluid shows 
excessive contamination, the system will have 
to be drained and flushed. Always follow the 
tech orders Avrinen for your type 'aircraft. 

11-24. The following list contains a few 
general rules whichiwill aid in the preventioji of 
contamination: ^ . 

a. Cap or plug all open conn^ection^ when 
removing a part. ,n 

GASKETS BACKlfi'RlNG^ 



b. Don't use dirty rags to wipe off con-* 
nections. 

c. Cle%n and deburr new tubing and fittings* 
before installing them. ' 

rf. Store new or overhauled part* in sealed 
containers. ' 

e. BeiFore installing a .^ump, fill it with 
hydraulic fluid. ^ . v 

/ After a pump fa^ilure, flush the system 
thoroughly. 

g. . Give test stands and ground equipment the 
same care you give the. aircraft. 

h. Dort*t abuse-hydraulic flexible hosesVThey 
introduce contaminants from their'walls when 
kinked or*run ov^ror when quick ^disconnects 
^re not cleaned^ before joining,, ^ 

^ (^1-25, flushing contaminated ^hydrtiulic 
systems, rtydraulic systems should be flushed 
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Figure 21/ Packings, gaskets, and backup rings, 
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Figure 24. Seal comparison chart. 
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whenever contaminants are present. The 
flushing procedure varies somewhat for dif- 
ferent types of aircraft. Listed below are 
general procedures: 

A Drain the system reservoirs and discard 
the fluid. ^ 

6. Clean or replace all filter elements in the 
aircraft and' in the test stand. 

c. Service the aircraft with the test stand and 
then cycle all the subsystems. This allows the 
filters to remove contaminants from the fluid; 

d. After repeated cycling, recheck all filter 
elements'^f^is^eanliness. If a system is severely 
contaminated/lt may be necessary to repeat the 
above steps several times. It may even be 
necessary to remove the components from the 
aircraft for complete disassembly. 

11- 26. From the preceding discussion, you 
can readily see that keeping fluid clean is of 
major importance. However, there are other 
factors of equal importance; for example, the 
proper use and installation of seals, backup 
rings, fittings tubing, hose, and safetying 
devices. This is absolutely necessary for the 
system to operate at its maximum efficiency. 
Let's continue our discussion, then, by starting 
with seals and backup rings. 

12. Seals and Backup Rings 

12- 1. Seals used in hydraulic and pneumatic 
systems are of two general classes: packings and 
gaskets. Packings are used to provide a seal be- 
tween two moving parts of a unit. The gasket is 
used as a seal between two stationary parts. 

^ 12-2. Seals are' made from several different 
types of materials. The material depends on the 
use of the seal and the type of fluid it will con- 
tact. Leather, synthetic rubber, natural rubber, 
and metal are the materials used. Synthetic rub- 
ber and leather seals are designed for use with 
petroleum-base fluids. Natural rubber seals are 
used with vegetable-base fluid, and metal seals 
may be used with either type. 

12-3. The shape of a seal is its major 
distinguishing feature. Standard seals (and 
backup rings), with their corresponding AN 
(Air Force-Navy) and MS (Military Standard) 
n^umbers, are shown in figure 23. As a 
pneudraulic repairman, you should become 
familiar with corresponding seal and numbers. 
In some cases, for example, hydraulic leaks 
were a direct result of using the wrong seal or 
backup ring. The mechanic did not know the 
differences. Figure 24 will help you compare 
some of the various seals and backup rings used 
in hydraulic and pneumatic systems. This chart 
should not be used for ordering seals or per- 
forming maintenance on aircraft. It is provided 
to show the differences in the various seals. 
Conditions will arise, however, when a non- 
standard seal will be determined by its specific 



use an'd location. Figure 25 illustrates a few of 
the nonstandard seals. 
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Figure 25. Special shape seals.. 

12-4. If necessary, seals are manufactured 
specifically for a particular aircraft. For exam- 
ple, the B — 58 aircraft hydraulic system used 
seals of |;his type. These part numbers were 
listed in the applicable illustrated parts break- 
down (IPB). 

^^12-5. Pan Niimbcrs. Standard seal part 
numbers are also found in*the applicable IPB. 
If you can't find a part number in the IPB, the 
next step is to measure the seal. The seals size 
. may help you determine the part number. 
Figure 26 shows the. various dimensions thai 
are required. At least two of the three dimen- 
sions of the O-ring seal must be measured. If 
two are known, the third can easily be deter- 
mined. For example, the outside diameter 
(O.D.) can be found if the width and inside 
diameter (l.D.) are known. Twice the width 
plus the l.D. will equal the O.D. When ordering 
a seal from supply, give the standard AN part 
number. For example, the part number of a par- 
ticular packing is AN 6227, followed by a dash 
number. This dash number can be any number 
from —1 to —88: notice in figure 24 that a 
— 88 comes between the —52 and —53, depen- 
ding on the size of the seal. To determine the 
correct dash number, convert the dimensions of 
the seal on the specification listing. Dimensions 
for packings, gaskets, and backup rings are also 
listed in their particular specification. The V- 
ring, shown in the lower portion of figure 26, 
will be discussed later. 

1 2-6. Color Coding. A color code on the O- 
ring seal identifies the type of system it is used 
in and. generally, the manufacturer. O-rings 
have either a series of colored dots arranged 
clockwise or a colored stripe around the outer 
circumference. The first dot (reading in a 
clockwise direction) or the stripe, indicates-the 
system in which the o-ring is used. The 
following color codes are used: Red indicates 
use in fuel sy||^ms only: blue indicates use in 
hydraulic and pneumatic sysfems; and yellow 
indicates use in oil systems only. Note. A white 
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Figure 26. O-ring tnd V-ring dimensions. 

dot appearing first indicates a nonstandard 
seal. The second dot then indicates the system. 

12-7. Description of Commonly Used 
Semis add Baciiup Rings. Refer again to figure 
23 for^ our discussion on seals and gaskets. 
Gaskets will be discussed first , and then 
followed by backup rings and packings. 

12-8. Caskets. Starting in the upper left- 
hand comer we have the AN6230 gasket. This 
gasket will always have a 1/8-inch width. Its 
smallest I.D. is I 5/8 Inches. This would be an 
AN6230— I gasket. An important point to 
remember when ordering AN6230 (or 
AN6227) seals is to substitute a "B" for the 
dash. For example, the above part number 
would be AN6230B1. (The "B" denotes that 
this is the latest AN Standard.) AN6230 gaskets 
are coded with a series of colored dots arranged 
clockwise. The first dot is blue, indicating use 
in hydraulic and pneumatic systems. The other 
dots indicate the manufacturer. AN6230 
gaskets are used only as a static seal, as 
illustrated in figure 27. 

12-9. The next gasket (shown below the 
AN6230) is the AN6290 or MS28778. This 



gasket is a compression type seal used on (AN 
or MS) connection fittings. Figure 27 illustrates 
the use of a MS28778 or AN6290, (MS2877a 
is gradually replacing AN6290.) The blue 
stripe around the outer circumference of the 
seal indicates use in hydraulic and pneumatic 
systems. The width of this seal varies from 
0.064 to 0.118. These dash numbers are the 
same as the corresponding fitting size. 

12-10. Another, standard gasket is the 
AN90I made of soft aluminum. It is commonly 
called a crush (universal) washer. Referring to 
figure 23, you w^ill See the gasket in the lower 
left-hand corner. It is used with a universal 
elbow, as illustrated in figure 27. Note that two 
gaskets are required for this type of installation. 
The dash number is also in accordance with the 
size fittings with which it is to be used. There 
are no markings on the AN901 universal 
washer. 

12-11. We have discussed some of the stan- 
dared gaskets. There are other types of gaskets 
made of synthetic rubber or cork which are 
used where pressures are tow. 

12-12 Backufx rings. Still referring to figure 
23, you will find several backup rings in the 
center row. These backup rings are used as a 
nonextrusion device. The top backup ring 
(AN6246) is made of leather and is used with 
AN6227 packings. Looking at figure 23, you 
can see that this, ring is not as thick as the 
AN6291 backup ring. Leather backup rings are 
dyed j^ellow, blue, or black on the hair (or 
grain) side. Another backup ring, the AN6244 
(not shown), is similar to the AN6246 except 
for size. The AN6244 backup ring is used with 
the AN6230 gasket generally when pressure is 
1500 psi or higher. This backup ring is easy to 
identify because its dash number is the same as 
the corresponding gasket's (AN6230) dash 
number. Thus, we have the same approximate 
dimensions. 

12-13. The next backup ring shown is the 
AN629I . This backup ring is also similar to the 
AN6246 and AN6244. Its major difference is 
its thickness, which is almost double that of the 




Figure 27. Typical gasket installation. 
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others. Another backup ring, the MS28777 (not 
shown) is gradually replacing the AN629I. 
MS28777 backup rings are also made of 
leather. 

12-14. The MS28782 is a TcHon backup 
iing and is used with AN6227 and MS28775 
packings. Looking at the MS28782 in figUre 
23, you will notice that it is in the shape of a 
coil. Each end of the turn comes to a semisharp 
edge. When installing, make sure this edge is on 
the outside. The color of Teflon backups is 
milky white. 

12-15. AnotMr Teflon backup ring (not 
shown) is MS28^3. This backup ring is similar 
to MS28782 except for size. The MS28783 
backup ring is, used with the AN6230 or the 
MS28775 gaskets. 

12-16. The MS28774 shown at the bottom 
of the middle row in figure 23 is another Teflon 
backup ring. This packing backup ring is used 
with MS28775 O-ring packings. Notice that 
Jhis ring has a single turn only. 

12-17. Packings, Now, let's discuss the 
packings shown in the right-hand row of figure 
23. The top number (MS28775) covers gaskets 
and packings. 

12-18. The MS28775 seal has an operating 
range of -65^ F. to 275^ F. It should be used 
only where the technical order specifies; other- 
wise some leakage at -65'' can be expected. 
This seal can be identified by a single blue dot. 
MS28775 seals in sizes 0.239-inch I.D. or 
smaller do not require color-dot identification. 
The MS28775 seals supersede the MS28784 
seals th^t had a blue dot 180*' away from the 
other dots. 

12-19. The next O-ring packing shown is the 
AN6227. This packing is identified by a blue 
dot plus the manufacturer's dot code. This O- 
ring packing has an operating temperature 
range of-65^ F. to 160^ F. 
^ 12-20. The packing shown in the lower 
right-hand corner of figure 23 is the AN6225 
V-ring. This ring can be identified by its V- 
shape. The V-rings also have jheir part number 
formed on the inside of the V. V-rings are made 
of leather or synthetic rubber. Figure 26 shows 
that the dimensions required for V-fings are the 
same as those foir O-ringis. Also required is the 
stack height. This stack height is not required 
for ordering from supply. It is used only when 
determining how many V-rings to install in a 
set. 

12-21. Another packing (not shown) that is 
used in some aircraft struts is the D-ring. It is 
referred to as a D-ring because its cross section 
is in the general shape of a D. This seal is larger 
in thickness because backup rings are not 
required witli its use; O-ring packings installed 
in struts on large aircraft have a tendency to 




Figure 28. Typical O^ing installation. 

roll when compressed rapidly. This, in turn, 
tends to cut the seal. D-rings eliminate this 
problem and provide a better seal. 

12-22. Installation of Seals and Backup 
Rings. Generally, the O-ring seal requires no 
adjustment when it is installed. Figure 28 shows 
a typical O-ring installation. However, you 
must observe a few precautions at instaldation, 
or early failure will result. First of alh check to 
see that the seal is the right size. Hkspect it 
visually for cuts, nicks, or flaws, and discard it 
if any defects are noted. Technical orders will 
specify what special lubricant is applied. When 
installing, use extreme care jto)prevent scrat- 
ching or cutting the seal on threads or sharp 
corners. Also, make certain that it is not in- 
stalled twisted; otherwise, it will not function 
correctly. To facilitate removing an O-ring seal, 
a special tool may be made, as shown in* figure 




surface must ie smooth corners must not be dinted or 
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Figure 29. O-ring removal tool. 

29. This tool can be made of soft iron, 
aluminuni, or brass rod. Be sure that the edges 
are flattened and free of burs. Some seals may 
be removed by squeezing the seal between the 
thumb and forefinger,forcing the O-ring out of 
the groove. Then the entire' seal is removed. 
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Figure 30. O-ring seats. **pinched** condition. 
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12-23. The O-ring seal, when used alone, is 
limited to systems having a maximum operating 
pressure of ISOO psi or less. This is particularly 
true when it is used as a ''running'' seal. In the 
event the seal is subjected to high pressure 
(3000 psi), it may become pinched. Figure 30 
shows a set of O-ring seals being pinched 
because of the high pressure. This condition 
may be prevented by using backup rings. The 
older types of backup rings are made of leather. 
In some cases, however, the leather backup 
rings caused severe corrosion. Leather coming 
in contact with moisture causes a chemical 
reaction which starts the corrosion. Thus, you 
will t1nd that Teflon backup rings are repla^g 
many of the leather ones. Even so, leather 



backup rings are still b^ing used, and for that 
reason we will discuss their use. 

12-24. The hair ar outer side of the leather 
backup ring is called the grain side. The cut or 
inside of the leather is called the flesh si4|. The 
hair side will also be dyed yellow, blue, or 
black. 

12-25. Proper installation of backup rings 
may^be seen in figure 31. The flesh side of the 
back\m ring is always next to Aie gland. This 
will polHion the grain side next to the O-ring 
seal. If pressure is exerted on the seal in one 
direction only, you place the backup ring away 
from the pressure. If pressure applied in alter- 
nate directions, one backup ring must be placed 
on each side of the O-ring seal (see fig. 31). 

12-26^ A V-ring packing will provided seal 
in only one direction. If a piston is to move in 
two directions under fluid pressure, two sets of 
V-rings must be used. Figure 32 shows a typical 
V-ring installation in which one set (A) 
prevents fluid leakage around the piston rod; 
another set (B) acts as a seal when pressure is 
moving the piston to the left; and a thirci set (C) 
seals when the piston is moving to the right. 

12-27. Installation of the V-ring seals is 
slightly different from that of O-ring seals. The 
rings are placed in their respecfive grooves, one 
at a time. Make sure that they are seated 
properly; then, tighten the adjusting nut. The 
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Figure ^2. Typical 

e 

adjustment nut should be tightened enough to 
hold the seals securely. If possible, the unit 
should be operated by hand to check ad- 
justments. 

1 2-28. Before you install leather V-rings and 
backup rings, they should be made pliable. Do 
this by soaking them in hydraulic fluid. All the 
other seals and backup rings should be 
lubricated with the applicable fluid prior to in- 
stallation. 

12r29. When using packings and gaskets in 
pneumatic systems, lubricate the O-ring and 
groove with pneumatic grease, Speciflcation 
MIL — L— 4343. The seals must be thoroughly 
lubricated at all times to function properly. 
Lack of lubrication will increase friction 
enough to cajuse jamming and rapid wear or 
tearing of running seals. 

12-30. Packings and gaskets should be 
stored in a dark, cooL dry place; they should be 
kept away from excessive heat, exposure to 
strong air currents, dampness, and dirt. Do not 
• expose them to electric motors or other equip- 
»ment that gives off heat and ozone. Any 
packing or gasket should not remain in storage 
for a period of more than 5 years. 

12-31. Figure 33 shows application of 'bo- 
rings, gaskets, and back up rings.** Study this 
figure. It will reinforce what you have learned 
in this section on the identification and use of 
these items. 

12- 32. This completes our discussion of 
seals and backup rings. Next, let*s discuss the 
fittings used to interconnect hydraulic systems. 
Then we can use the fluid and seals already 
discussed. 

13. Fittings 

13- 1. Whenever tubing is connected to other 



V-ring installation. 

tubing, to flexible hose, or to any unit, a fitting 
is used. All late model aircraft are equipped 
with the AN- or the MS-type fitting. However, 
older aircraft may still have the old AAF81 1 
(AC, Air Corps) fitting installed on* some 
tubing. Incidently, si2es 2, 3, 4, S, 28, and 32 
AAF8 1 1 fittings are interchangeable with the 
corresponding AN fitting. The main differences 
between the AN and AAF fittings can readily 
be seen in figure 34. 

13-2. AN fittings are identified by their 
color, which may be 'hither blue or black. Blue 
indicates that the fitting is made of aluminum 
alloy, and black designates steel. The letters 
AN are usually stamped somewhere on the fit- 
ting. 

13-3. A fitting, depending on its type and 
use, will have either pipe threads or machine 
threads. Pipe threads, similar to those used in 
ordinary plumbing, are tapered. When two pipe 
fittings are joined, a male into a female, their 
threads form a seal. When' pipe thread fittings 
are used, an antiseize compound 
(JAN — A— 669) should "be used to prevent 
seizing and high-pressure, leakage. Machine 
threads (straight threads), similar to those used 
on nuts and bolts, form no seal. This type of 
thread fs used only to draw connections 
together. A flare, crush washer, or a synthetic 
seal is used to make the connection fluidtight. 
Machine threads have no taper. Figure 34 
illustrates machine threads. 

1 3-4. AN Fittings. Figure 35 shows the most 
commonly used AN fittings that connect to the 
component. Tees, unions, adapters, elbows, 
etc., commonly known as cojpnectors, are self- 
explanatory. However, the terms "universal" 
and "bulkhead" need a little more explanation, 
. "Universal" means that the fitting can be set at 
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MMBER 


NAME 


APPLICATION 


SYSTEM 


PUBUCATION 
GOVERNING 




PROCURE- 
MENT 
SPECm- 
CATION ; 


QUAUl^D 
PRODUCTS 
LIST 


REMARKS 


DESIGN 
INSTAU 
LATtON 


STORAGE 
AND USE 


IDENTin- 
CATION 


O-RINC 


AN6227 


O-rin^ 


Sialic and 
dynamic 


Hyd, 
pneu 


MIL-P* 
SSU 


ANA Bui 
431 T.O. 
42E2-.1-3 


Colored 
"dots 


MlL-P- 
$516 . 


QPL-5516 


General use -65* F 
to .160»F 


AN6230 


Casket, 
O-rinR 


SUlic only 


Hyd, 
pneu 


MIL-P- 
5514 


ANA Bul 
431 T.O. 
43E3-1-2 


Colored 
dots 


MIL- P- 
5516 


QPL-5516 


General use -65* F " 
to *160^F 


. AN123651 
ihruut;h 
ANU3950 


Sea:. 
O-nng 


Sialic and 
dynamic 


Hyd. 
pneu 


MIL-P- 
5514 


ANA Bul 
438 


White 
stripe on 
ring 


AMS-7274 




Primary use-rectp 
engines and propel- 
lers 


MS2a772 


Packing, 
O-rinff 


Landing gear 
■hock Krut as 
rod seal only 


Hyd 


MIL-P- 
5514 


ANA Bul 
438 


Colored 
dots 


MlL-P- 
5516 


QPL-5516 




MS28775 


Packing. 
O-rinff 


Static and 
dynamic 


Hyd 

(MIL-H- 

5606), 

pneu 


MIL-P- 
5514 


ANA But 
438 T.O. 
42E2-1-2 


Blue dot 


MlL-P- ^ 
25732 


QPL- 25732 
mt 


General use -65* F 
to ^275* F 


Mb29561 


Packinff, 
0>rinf 


Slitic and 
dynamic ° 


Hyd. syn 

tubrteant, 

pneu 




ANA Bal 
438 




MIL-P- 
7362 


QPL- 7362 




O-RINCS FOR FLARED TUBE nTTINGS 


M2i2«77» 


Packuiff, 

riared 

lube 


t> tared lube 
bosses 


Hyd. 
pneu 


AND- 
10064 




Blue stripe 
around circ 
o( ring 


MIL-G- 
5510 


QPL-5510 


RepUces AN6290 


NONEXTRUSHDN RINGS 


MS90S8 


Ring 


Teflon backup 
(or use with 
MS2l77a O- 
rinK gaskets 
in (tared tube 
bosses 


Ail 


AND- 
10064 


\ 




AMS-3651 






MS2I774 


ReUiner, 

:»mi;ic 

turn 


Teflon backup 
''(or use with 
AN6227, AN 
6230. MS28775, 
and MS29561 


Ait 


MIL-P- 
5514 






MIL-R- 
8791 


None 




MS28777 


RiTiK. 


Leather back- 
up (or use 
with (tared 
lube bosses 


Ail 


AND- 
10064 




Dyed di(- 
(erent 

colojps 


MIL-R- 
5521 


QPL-5521 


Replaces AN629I 


MS2M7H2 


RoLiiiici* 


Tl'IIom luckup 
lt>r ubc >4ith 
AN 62 27 40(1 
MS2877*» 


AU 


MIL- P- 
5514 






MIL-R- 
8791 


Nune 


In process ul vv^ 
lilacint; AN6246 


MS2H7h3 


Rmi! 


TL'tlun luckup 
liir UM* vfcith 
AN 6230 .iiui 
MS2H77S 


AU 


MIL- P- 
5514 




— c 


MIL-R- 
8791 


Nunc 


Replaces AN6244 


MS3">H03 




Leal her 
kickup 


AU 
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Figure 33. Application of O-ring. gaskets, and backup rings. 
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Figure 35. AN fittings. 
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any angle. The "bulkhead" denotes thaft it is 
long enough to pa^s through a builchead( Thus, 
this type of rating can be rhounted solidly to a 
bulkhead or unit with one outlet adjusted to 
any angle. 

13-5. The AN flare fitting is shown in figure 
35. It consists of an ANSI 8 coupling nut 
(shown in the lower right-hand corner of fig. 
35), an AN819 or MS20819 sleeve (shown left 



of the nui), plus the connecipr (any flared tube 
fitting shown in fig. 35). 

13-6. MS Fittings. MS flareless fittings are 
designed primarily for highrpressure (3000 psi) 
hydraulic systems. They may be subjected to 
severe vibration or fluctuating pressure. These 
types of fittings are also three-piece units. 
However, unlike AN fittings, MS fittings are 
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MS21926 
EL80W 



figure 36. MS fittings. 



flareless. Some aircraft use the flareless fittings 
in hydraulic and pneumatic systems. Their use 
is limited to fittings up to size 16 (1 inch). 
Above 1 inch, AN fittings are used. Systems 
using tubing larger than 1 inch would most 
likely be low pressure. 

13-7. MS flareless fittings use two types of 
nuts and sleeves. The older typd is the MS21917 
nut and the MS21918 sleeve, as shown in figure 
36. The newer type, MS21921 nut and MS21922 
sleeve, are shown to the right of the older type. 
Figure 36 also shows some of the common MS 
connectors. ^ 

I 3-8. The MS flareless fittings have the same 
straight thread as do standard AN flared At- 
tings. Hence, they will mate with existing AN 
internal threads in valves and other equipment. 
MS flareless flttings made ot aluminum are 
colored yellow, green* or brown. Steel MS 
flareless fittings are silver colored (natural cad- 
mium-plated). 

13-9: Notice in figure 37 that the connector 
consists of an externally threaded port with an 
internal cone seat. It has a straight coun- 
terbored section at the base of the cone seat 
which holds the tube. Notice also that there is a 
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Figure 37. MS tlarclcss connector 

reverse angle tubing seat at the base of the 
straight countcrbored section. This angle is 45"^ 
in aluminum connectors and 15° in steel 
nectors. The purpose ot this angled seat is tr, 
prevent excessive in\yard collapse ot ihm- 
walled tubing when the fiitmg is tightened. 
Figure 38 shows that the base of the internal 
thread in the nut has a 45° bevel. This will push 
against t^e sleeve during assembly/ This tends 
to compress the length, of- the sleeve. This 
motion produces two e^'fecrs. First, the com- 
pression forces the sleeve cutting edge into the 
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-MS 21917 NUT 



Figure 38. One type of flareless MS nut. 
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Figure 39. One type of Hareless MS sleeve. 
SPRING WASHER EFFECT qlfpsSuBE^ 
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Figure 40. MS flarelcss connector with sleeve and nut 
showing installed condition. 

tube (see figure 39). Secondly, it causes the 
head of the sleeve to grip the tubing. This 
second action tends to reduce the transmission 
of stresses to the sleeve cut. These stresses, 
caused by vibration, would cause failure of the 
tubing at the sleeve cut. The sleeve (shown in 
fig. 39) has a head, barrel, pilot, and cutting 
edge. During assembly (presetting), the cutting 
edge is forced inward. This is done by the cone- 
shaped seat in the nut as the sleeve is driven 
forward by the nut. The pilot guides the cutting 
edge and limits the depth of cut. The difference 



between the sleeve head angle and the nut angle 
compresses the sleeve against the tubing. The 
sleeve becomes bowed as a result of the com- 
pression force applied by the nut. Figure 40 
shows a sleeve's spring washer effect (bowed) 
.when installed. This prevents loosening of the 
nut when severe vibration is encountered. 

13-10. The method of making up part num- 
bers for MS flareless fittings is the same as for 
AN flared tube fittings. A number is added to 
the basic part number to indicate the O.D. of 
the tube in sixteenths of an inch. The letter D 
placed after the basic part number denotes 
aluminum alloy. As an example, MS21917D10 
would be the part number of an aluminum 
flareless nut used >Jvith 5/8-inch (10/16-inch) 
tubing. The 10 at the end of the number den^ 
toes 10/16 inch. Flareless sleeves and caps are 
furnished in steel only. 
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Figure 41. Pre^tting tool, 

13-1 1. Presetting Fiareiess Fitting Tube 
Assemblies. When assembling flareless fittings, 
you select the proper size presetting tool 
(shown in tig. 4 1 ), Claftip the tool in a vise on a 
workbench. Then slide a' nut and a sleeve onto 
the tubing;. Make certain that the pilot |^ cut- 
ting edge of the sleeve gpint toward the end of 
the tube. Using the proper lubricant (system, 
fluid), lubricate the threads of the tool and nut, 
the pilot of the sleeve, and the seat of the tool. 
Hold the tube ends tlrmly against the bottom of 
Ihc seat of the tool. Then slowly screw the nut 
onto the tool. Do this until the cutting edge of 
the sleeve grips the tubing sufficiently to 
p Vyent ^rotation of the tube, then tighten the 
nut an additional 1 1/6 luras for all sizes regar- 
dless of the tubing material used. Thi^ , 
tightening will seat the sleeve cutting edge in**;^ 
the outer surface of the tubing. When presetting 
the fittings on thin-walled tubing (less than 
0.022-inch aluminum and 0.018-inch steel), a 
mandrel should be used for support to prevent 
its collapsing. 

13-12. Now remove the presetting tool. 
Clean off all excess lubricant from the fitting 
and components. Make sure that no foreign 
particles remain that coilld possibly be carried 
into the system. A preset tubing assembly may 
be installed and removed many times without 
damage. That is, if th^ technical order 
procedures are strictly adhered to. 
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13-13. Installing Tube AssembJIies. Before 
installing a tube assembly in an airpraft, you 
should inspect the tubing and connectors 
carefully. Yor can make minor repairs to a tube 
assembly if you follow . technical order 
procedures. The repairs consi^tfr of removing 
scratches or smudges caused during presetting. 
The tube assembly should be clean and free 
from all foreign material. 

13-14. AN tube assemblies. Before installing 
an AN tube assembly, check for dents, scrat^ 
ches, and any foreign material. When installing, 
be sure the tube assembly is properly aligned 
prior to tightening; never pull it into place with 
the nut! If t)ie tube assembly is misaligned, it 
becomes prestressed and may leak during 
operation of the system. Start the coupling (B) 
nxtis on each end of the tubing by hand. Then 
tighten them to the proper torque. If the B nut 
docs not turn easily by hand,| apply a little 
hydraulic fluid on the external threads. Do not 
use thread compound — flared tube Fittings form 
a' metal-to-metal seal. 

W-15. Applying the proper torque to the B 
nut is very important. Overtightening may badly 
damage or completely cut off the tube flare. 
Also it may ruin the sleeve or the B nut. Failure 
to tighten sufTiciently can be equally serious. 
This condition may allow the lines to leak un- 
der system pressure. Proper torque prevents 
overtightening or undertightening of the B nut. 
A B nut should never be tightened when there 
is pressure in the line. The pressure could 
damage the Hare and also caiise an incorrect 
torque to be applied. 

13-16. MS flareless tube assemblies. 
Procedures for installing the MS flareless 
tubing are as follows. The tube centerline 
should be in line with the centerline of the con- 
nector. It should not have to be forced into 
position. If the tube is too long it may be Filed 
to Fit. Be sure to remove all Filings. Now 
tighten the nut with your Fingers until a sharp 
rise in torque is noted. From this point apply 
from 1/6 to 1/3 turn, which is from one to two 
hex flats on the nut. 

13-17. As with AN Fittings, it is important 
that the nut on MS FittingK be tightened 
properly. Overtightening a leakirjg MS flareless 
fitting, for example, will deform the sleeve or 
tube and cause additional leaks. Never exceed 
1/3 turn! Also, do not use thread compound on 
MS Fittrhgs. 

13-18. Universal * fittings. In many cases 
leaks may have developed because of improper 
installation of universal Fittings (AN or MS 
flareless). This improper installation causes the 
gasket to be cut by the threads. The nut 
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Figure 42. Universal fitting installation of AN or MS 
fittings. 

(AN6289) might be stripped because of in- 
sufficient thread grip when torqued to the 
proper value. The prope* method of installing 
universal Fittings is shown in Figure 42. It is 
necessary to use the proper (AN6291 or 
MS9058) backup ring. The Teflon backup rings 
(MS90S8) are used in lieu of the leather backup 
rings where temperatures exceed^ 160° 1. 

13-19. The first step in the installation 
procedure is to coat the male threads. Next, 
work the ring into the recess in the nut and in< 
stall the gasket. Turn the nut down until the 
gasket is pushed firmly against the lower 
threaded section of the fitting. This is 
illustrated in the upper portion of figure 4 2. 
Now, install the fitting into the boss 
(AND 10050). But, keep the nut turning with 
^he fitting until the gasket contacts the boss. 
This point can be determined by a sudden in- 
crease in torque, as^ shown in the middle of 
Figure 42. With the fitting in this position, put a 
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wrench on the nut to prevent its turning. Then 
turn the fitting in 1 1/2 turns. Now, position the 
fitting (if it is an elbow or tee) by turning it in 
not more than one additional turn. Finally, 
hold the fitting and turn the nut down tightly 
against the boss to the required torque. There 
must be no extrusion of the rihg. In the lower 
portion of figure 42, the gasket is in the proper 
position to prevent leakage. 

13-20. Repairing PneudrauUc Tubing. 
Pneudraulic tubing is repaired by replacing 
with similar material. Damage such as nicking 
and scratching of tubing can be minimized* by 
using care. Most damage of this kind occurs 
from careless handling of tools during m^n- 
tenance of the aircraft.^Any dent less than 20 
percent of the tubing diameter is not ob- 
jectionable unless it is on the heel of a bend. A 
nick no deeper than 15 percent of the wall 
thickness may be reworked by bur- 
nishing — fjTOvided tt is not on the heel of a 
bend. When pressures are in excess of 100 psi, 
tubing with nicks in excess of 15 percent of the 
wall thickness should be rejected, * 

13- 21. Since hpse is used for the same pur- 
pose as tubing, it is the next topic on our 
agenda. We will first tell you how hose is iden- 
tified, and then follow this with a discussion .of 
fabrication, installation precautions, in- 
spections, and storage. 

14* Pneudraulic Hose 

1^-1. Pneudraulic hose is used for the same 
purpose as tubing — to route the fiiiid to and 
from the various units. However, hose has one 
advantage over tubing — flexibility. For exam- 
ple, hydraulic purpps should always have a 
flexible hose attached to them. The vibration 
that is set up by an operating pump would 
ultimately cause rigid tubing to fail. 

14- 2. Flexible hose assemblies are fabricated 
by hand or by a production machine. The 
production machine is covered in a later 
volume. The principles of hose fabrication are 
the same Mgardles.s of the method used. 
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14-3.J1o«!ie Identification, Four types of 
hoses are generally used for hydraulic and 
pneumatic systems. These hoses fall into two 
classes: medium-pressure and high-pressure\ 
For medium-pressure we use two types: rubber 
hose MIL-H-.8794 and Teflon hosfe 
MIL-H-27267. The third type is a high-, 
pressure rubber hose MIL- H -8788. \These\ 
three types may be ►locally manufacture^ into ^ 
hose assemblies. The fourth type of hose used is 
high-pressure Tetlon. It is not authorized for 
local manufacture at the present time. 

1 4-4. Hose is also designated by a dash num- 
bers-according to its size. The dash number is 
stenciled- on the side of the hose and indicates 
the size tubing it is used with. It does not 
denote the inside or outside diameter of the 
hose. For example, a hose with a —8 stenciled 
on it is used with a —8 tubing. The —8 tubing 
has an outside diameter of 1/2 inch (8/16 = 
1/2 ). The inside diameter of th'e hose will not 
be 1/2 jnch; it will be slightly smaller, equal to 
the wall thickness of the tubing. The actual in- 
side diameter of both hose and tubing is the 
same. 

14-5. Hose has other identification markings 
stenciled on it. As an example, most 
pneudraulic hose is marked with the 
specification, the size, the quarter and year of 
manufacture, and a 5-digit number idientifying 
the manufacturer. Figure 43 shows a hose with 
these identifying markings. The3e markings are 
in yellow-colored letters and numerals "which 
indicate the natural lay (no twist) of the hose. 
They are repeated at intervals of not more than 
9 inches along the length of the hose. The 
operating range of hose is approximately —65^ 
to 200^ F. 

14-6. Notice that figure 43 shows the con- 
struction of medium-pressure hose 
(MIL — H — 8794). It consists of a synthetic in- 
ner tube, impregnated cotton braid, single wire 
braid, and impregnated cotton braid outer 
covering, which has a rough finish. Figure 44 
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Figure 43. MIL-H-8794 medium-pfcssure hose construction. 
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Figure 44. MlL-H-8788 high pressure hose construction. 



illustrates a piece of high-pressur^ hose 
(MIL — 8788). Notice that it is very similar 
in construction to the medium-pressure hose 
except for an additional wire braid and smooth 
outside covering, 

14-7. Teflon (Tetr'afluoroethylene) hose is 
the latest advancement in the field of flexible 
hose. Its use is becoming widespread in 
hydraulic and pneudraulic systems. Like syn- 
thetic rubber hose. Teflon^ hose is manufactured 
for b^th medium-pressure and high-pressure 
systems. ♦ 

14-8. Teflon hose Specification 
MIL — H — 27267 is use A^in hydraulic and 
pneumatic' systems which do not exceed 1500 
psi, except as specified in TO 42EI — 1 —4. The 
operating range of Teflon xhose is ap- 
proximately -eS'' to 450'' F. This hose is 
manufactured with a smooth bore (firm, waxy 
feeling inner tube covered with^ corrosion-\ 
resistant steel wire braid. The hose is identified 



by a band spaced m 3 -foot intervals. It is 
marked^ with the specification and manufac- 
turer's code number. Factory fabricated hose 
assemblies are identified by a perman^^ntr)^ 
tached metal band containing the follpwing 
markings: M il itary Specification 
MIL — H — 25579, operating pressure in psi, 
assembly part num'ber, date of proof test,\^and 
the hose manufacturer's code number. Medi^im- 
pressure Teflon hose assemblies may be locally 
fabricated with the use of common handtooil^. 
The procedures are outlined in 
T042EI-1-1-1. V 
14-9,. The Teflon hose shown in figure 4d 
has the following distinctive advantages: (1) \ 
practically unlimited storage time, (2) a greatei^ 
operating temperature range, and (3) broader^ 
usage (hydraulic, . fuel, oil, coolant, water, 
alcohol, and pneumatic systems). 

14-10 Now, letV describe the fabrication of 
medium-pressure rubber and Teflon hoses and 
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Figure 4.5. Types of hose assemblies. 
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Figure 46. Mandrel and mediiun-pressure end fittings. 

follow with a discussion of the high*pressure 
rubber hose. Figure 45 shows completed 
mipdiuin- and high-pressure rubber hoses. 

14-11. Fabrication of Medium-Pressure Rub- 
ber Hose Assemblies. Common tools and equip- 
ment needed for assembling medium-pressure 
hose a$sen;iblies by hand arc as follows: standard 
vise, ^oil dan, hacksaw with a fine-toothed blade 
of 32 teeth per inch (or a hose cutoff machine 
P/N ^ F~1730), and appropriate open-end 
» Frenches. Special tools and equipment needed 
are a hand assembly toolkit (mandrels) P/N 
S-4051, a hydraulic hose testing unit, and an 
electric vibrator pencil P/N 11-100. Now let's 
discuss the use of these tools and equipment by 
showing how hose assemblies are fabricated. 

14-12. After you have selected the proper size 
bdlk hose (MIL-H-8794), get the mandrel and 
end fittings (MS28740 or MS24587 medium- 
pressure). A medium-pressure hose end fitting 
is shown in figure 46. Medium-pressure fittings 
may be reused if serviceable; however, do not 
intermix sockets and nipples (from one manu- 
facturer to another), and never reuse the hose. 
To obtain the correct length of the cut hose, lay 
the two assembled fittings on a flat surface. Lay 
them the required distance apart to make the 
overall length of the desired assembly. Measure 
from the end of the flared or flareless portion of 
the end fittings to determine the length of the 
assembly. This is shown in figure 47. MS28760 
and MS28761 fittings have a notch cut on the 
outer face of the socket corresponding to the 
shoulder depth. Measure from notch to notch 
to obtain the length of the cut hose material. 
Medium-pressure fittings do not have the notch. 




Figure 48. Ho^ installed into medium-pressure socket 

Measure inside the socket to the shoulder and 
place a pencil mark on the outside of the socket 
to indicate the shoulder location. 

14-13. Installation of end fittings. After the 
hose is cut to the proper length, you are ready 
to install the end fittings. Place a socket in a 
vise and screw the hose into the socket coun- 
terclockwise, as shown in figure 48^ This is 
continued until the hose bottoms on the shoulder 
inside of the socket. The hose is then backed off 
one-quarter of a turn. This allows the nipple and 
mandrel to slide into the hose. If you did not 
back off the hose, it would be very difficult to 
install the nipple. You next tighten the nipple and 
nut to the mandrel (fig. 49). Be sure to torque 
sufficiently so that the nipple will turn with the 
mandrel. This torque is necessary to prevent the 
nipple from slipping when it is installed in the 
socket and hose. Next, lubricate the inside of the 
hose and the outside of the nipple with oil Military 
Specification MIL-L-7870, as shown in figure 
50. This is to allow the nipple to slide into the 
hose liner without cutting it. Now screw the nipple 
clockwise into the socket and hose, using a wrench 
on the hex of the mandrel (fig. 51). Stop turn- 
ing the nipple when the proper clearance is 
reached (1/32 (0.031) to 1/16-inch (0.062)). 
The clearance is measured between the back of 
the nut and the face of the socket. After the 
proper clearance is obtained, loosen the B nut 
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Figure 47. Hose and hose assembly measurements. 
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Figure 49. Tightening nipple and nut on mandrel. .^^^^ 
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. Figure 50. Lubricating medium pressure nipple. 

and remove the mandrel Install the other end 
fitting in the same manner. Then clean out the 
inside of the hose assembly with dry, com- 
pressed air. Inspect the hose assembly for any 
foreign material. Sometimes it may be necessary 
to flush the inside of the hose assembly to 
remove any foreign material. 

14-14. Proo/ pressure testing medium- 
pressure hose assemblies. The next step is to 
proof pressure check th^ hose assembly. Any 
hydraulic testing unit may be used. The proof 
pressure is much higher than regular operating 
pressure. As an example, the operating pressure 
of a size 8 hose is 2000 psi. It is proof pressure 
tested an 4000 psi. A very important precaution 
when proof checking a hos^ is to use a heavy 
plastic cover over the hose assembly. This 
provides protection for the person inspecting 
the hose in case it should rupture. Proof 
pressure varies according to the size of th^ hose 
to be tested. (This is illustrated in TO 
42E1 — 1 — 1 .) The proof test pressure is main- 
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Figure 51. Installing medium-pressure nipple into 
rocket and hose. 

tained for a minimum of 30 seconds. Then, 
while maintaining this pressure, the assembly is 
checked for evidence of seepage. Hose assem- 
blies showing evidence of seepage will l?e rjsjec- 
ted: Completed medium-pressure hose assem- 
blies will resemble the one previously shown at 
the top in figure 45. 

14-15. Marking medium-pressure hose 
assemblies. To provide positive dates for 
replacement purposes, certain markings must 
be made on all medium-pressure hose assem- 
blies. For example, the month and year of in- 
stallation. Also the manufacturing date and ac- 
tivity making the hose. This information is et- 
ched on one flat surface of each end-fitting 
socket before installation on the aircraft. The 
activity fabricating the assembly is identified 
first by the base name etched on it, plus the first 
letter of the home state, i.e., Chanute, Illinois 
(Chi). An example of etching is as follows: 

5—^8 Chi 
3—67 

When medium-pressure end fittings are reused, 
previous etchings must be obliterated and 
newer dates etched on the next flat surface of 
the socket. 

14-16. Assigning part number^ to medium- 
pressure hose assemblies. Completed medium- 
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Figure 52. Part number of medium>pressure hose 
assembly. 
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pressure hose assemblies are given part num- 
bers such as MS28741 - 8-0146. Specification 
MS28741 (in accordance with TO 
42E1 — I — 1 ) tells us that medium-pressure 
hose is used. The -8 denotes the size of the 
hose and fittings. The numerals -014 denotes 
the length of the assembly in inches. The last 
digit, 6, is in eighths of an inch. Figure 52 is a 
detailed picture of the part number. A quick 
reference to this part number tells us we have a 
medium-pressure hose assembly, size 8, 14 3/4 
inches long. 

14-17. Fabrication of Medium-Pressure 
Teflon Hose Assemblies. Comm9n tools and 
equipment needed for assembling medium- 
pressure Teflon hose assemblies by hand are as 
follows: standard vise, hacksaw (with a fine- 



toothed blade of 32 teeth per inch), hose cutoff 
machine P/N F— 1 730, masking tape, and wren- 
ches (open-end or adjustable jaw). Special tools 
and equipment needed are a hydraulic testing 
unit and an electric vibrator pencil P/N 
11 — 100. Assembly mandrels are not aeeded 
for hand assembly of fittings with this hose. 
Lubrication is not needed for MIL-F— 27272 
fittings; components are permanently dry-film 
lubricated. Now let*s discuss the use of these 
tools and equipment by showing how hose 
assemblies are fabricated. 

14-18. One of the first steps in the fabri- 
cation is to select the proper size bulk hose 
(MIL -H -27267), and end fittings 
(MS27061-, flared straight fitting). Medium- 
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Figure 53. Teflon hose assembly measurements. 



MS SWIVEL FITTINGS 



MS FLANGE FITTINGS 



B 



SIZE 



ST 



45'> 



90» 



ST 



45° 



90° 



-3 

-4 

.5 

.6 

•8 

-10 

-12 

-16 

.20 



0. 70 
0.74 
0.77 
0.81 
0.93 
1.05 
1.13 
1.30 
1.44 



U08 
1.18 
1.22 
t.29 
1.79 
1.58 
2.05 
2. 14 
2.42 



0.86 
0.91 
0.97 
1.03 
1.31 
1.41 
1.92 
2.05 
2.34 



1.27 
1.35 
1.55 
1.61 
1.69 



1.25 
1.42 
1.90 
1.98 
2. 22 



1.21 
1,41 
1.92 
2.05 
2.34 






42-319 



Figure 54. Teflon hose cutoff factors (in inches). 
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Figbre SS. Teflon medium^pressure end ftUing. 




Figure 56. Sockets, skirt-to-skirt. 




Figure 57. Size, tube and flare braid. 

pressure fittings may be reused if serviceable 
(check closely the sealing surface of sleeve, nip- 
ple, and socket for damaged threads or distor- 
tion). NEVER reuse hose Specification 
MIL — H — 27267. Next, we need to determine 
the length of hose to cut off. Refer to figures 53 
and 34 for the end fitting cutoff allowance (the 
' chart shown is from TO 42E 1 — 1 — 1). The 
^cutoff allowance for each end (as indicated by 
the chart in fig. 34) must be subtracted from the 
assenibly length. For example, suppose we wan- 
ted to make a size 4 hose with straight fittings 
13 1/2 inches in length. Referring to figure 34, 
we find that the cutoff allowance for each end is 
0.74 inch times 2 end fittings, which would be 
1.48 inches. This requires 14.02 inches for the 
hose without fittings. To prevent fiareout of the 
wire during cutting, place a piece of masking 
tape around the hose cutoff podnt. After the 
hose is cut to the proper length, the tape must 
be removed. Figure 33 shows the socket, sleeve, 
and nipple assembly that make up the end fit- 
ting for Teflon hose assemblies. Place two of 
the sockets skirt-to-skirt as shown in figure 36. 

ERIC 




Figure 58. Inserting sleeve. 

Then work the hose through the sockets with a 
pushing, twisting motion. Inserting the "neck 
down" end will make assembly easier. Remove 
the hose and sockets from the vise. Place the 
nipple assembly in the vise. Push the hose onto 
the nipple as shown in figure 37, to size 
the tube inside diameter (I.D.). This 
aids in separating the wire braid from the 
tube. Remove the hose from the nipple. 
Carefully insert the sleeve between the wire 
braid and tube outside diameter (O.D.). Insure 
that no wires are trapped between the sleeve 
and tube O.D. Complete inserting the sleeve by 
pushing the end of the sleeve against si flat sur- 
face. Do this until the tube bottoms against the 
shoulder in the sleeve I.D. (see fig. 58) . Next 
size the tube to the nipple. This is done by 
pushing the tube over the nipple until the sleeve 
bottoms against the nipple chamber. Remove 
and recheck to be sure the sleeve is still in 
place. Again push the tube onto the nipple and 
bottom of sleeve against the nipple chamber. 
Slide the socket foreward and engage the 
threads by hand. Remove the assembly from the 
vise and regrip the socket in the vise. Using a 
wrench on the nipple, tighten it to a gap of 1/32 
inch from the socket; gap may vary from 0.023 
to 0.043 inches (see fig. 39) Install the other 
end fitting in the same manner. Then clean the 
inside of the hose assembly. Use dry, com- 
pressed air to blow out foreign matter. Again 
inspect the hose assembly for any foreign 
material. 

\4'f9. The next stop is to proof pressure 
check the hose assembly. This will be done in 
the same manner as for rubber hose. Use the 
same safety precautions as those for medium* 
pressure rubber hose assemblies. Proof pressure 
charts may be found in TO 42EI — I — I . They 




list proof pressures according to hose material 
and size. And, in some cases, they list according 
to the system that it will be used in, such as 
egress. 

14-20. Special precautions must be adhered 
to for cleaning' egress hose assemblies. When 
hydraulic fluid has been used for proof test, 
flush the hose assemblies thoroughly with 
trichloroethylene (minimum of 2 times). All 
evidence of hydraulic fluid must be removed. 
Allow cleaning fluid to drain; theti thoroughly 
dry with compressed air. 

14-21. Fabrication of High-Pressure Rub* 
ber Hose Assemblies. High*pressure hose 
assemblies are authorized for local 
manufacture. This is true only when qualified 
personnel and adequate equipment are 
available. Personnel assigned to manufacture 
high-pressure hose assemblies should be trained 
in assembly procedures. The safety hazards are 
increased greatly with the use of high pressure 
hose. This is not only true in its manufacture 
but also in its installation. 

14-22. .Fabricating high -pressure hose 
requires all of the tools used with medium- 
pressure hose except for a different mandrel. 
The mandrel for high-pressure hose has a part 
number of F-2065-8D (size -8). These 
mandrels come in sizes —4 through —16. In 
addition you will also need a wire brush (or 
soft wire wheel) and a hose cutting jig. 
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Figure 59. Tightening sqckel. 
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Figure 60. Mandrel arid high-pressure end filling. 

14-23. The first steps in fabrication are to 
select the proper size bulk hose 
(MIL-H-8788), mandrel, and end fittings 
(MS28760 or MS2876I). A high-pressure hose 
end filling is shown in figure 60. In high- 
pressure systems, you never reuse end fittings or 
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Figure 6L. Marking ihe hose which will be confined 
inside of sockei. 
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Figure 62. Culling around hose lo wire braid. 




Figure 63. Culling hose lenglhwise. 
hose. Next, determine the correct length of hose 
required. The same procedures apply that were 
discussed for medium-pressure hose. After 
^.determining the correct length, cut ih^ 
ho^e squarely. This is done by clamping it in a 
cutting jig and using the cutoff machine or a 
fine-toothed hacksaw. Then use compressed air 
to clear the hose of cutting residue. Figure 61 
shows how to mark the hose to insure the 
proper outer covering removal. Place the sackel 
against the hose as shown. Align the notch on 
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Figure 64. Twisting outer cover off high-pressure hose 
(MIL-H-8788). 



Figure 66. Installing high-pressure hose into socicet. 
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Figure 65> Removing rubber particles. 

the socket with the end of the hose and mark as 
shown in figure 61. This amount of hose outer 
cover is to be stripped. Now refer to figure 62. 
Using the knife as shown, cut around the hose 
through the outer cover to the wire braid. 
(Make certain that the cut is to the wire braid.) 
Then slit this section of the outer cover length- 
wise, as shown in figure 63. Next, pry up the 
outer pover with the knife. Then use the pliers 
to twist off the cover, as shown in figure 64. 

14-24. Use a wire brush , as shown in figure 
65, or soft wire wheel to remove all the rubber 
^particles adhering to the wire braid. Be ex- 
tremely careful during this operation to insure 
that the wire braid is not loosened, frayed, or 
flared when brushing. Next, place the socket in 
a vise and screw the hose into it, turning coun- 
terclockwise until it bottoms. This is shown in ^ 
figure 66. Then back off the hose 1/4 turn. 
Avoid excessive turning of the hose in 
aluminum sockets. It will tend to grind away 
material from the buttresses inside the socket. 
Next, insert the mandrel into the nipple assem- 
bly. Lubricate the inside of the hose and nipple 
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Figure 67. Lubricating high-pressure nipple and inside 
of hose 



ANDREI 7 




Figure 68. 
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Figure 69. Safetying devices. 



threads liberally, using oil Military Specification 
MIL-L-7870. These previous two steps are il- 
lustrated in figure 67. Then screw the nipple into 
the socket and hose, using a wrench on the nipple 
hex, as shown in figure 68. The nipple hex should 
bottom against the socket face. The B nut should 
rotate freely when the mandrej^s removed. The 
clearance between the nipple hex and the B nut 
is provided for when the end fittings are manu- 
factured. The B nut is held on the; nipple with a 
wire retainer that maintains the proper clearance. 
(The B nut does not come off as it did on the 
medium-pressure end fitting.) After installing 
both end fittings, clean the hose aseembly in- 
ternally, using dry, compressed air. Visually in- 
spect the assembly internally to insure that there 
is no cutting of the inner tube. Also, check for a 
minimum bulge diameter of the inner tube. (Mini- 
mum bulge diameters for the various sizes of hose 
are found in TO 42E1-1-1.) 

14-25. Proof pressure testing high-pressure 
hose assemblies. I^^ost testing unit is used to 
perform the prooFpressure test. Use the same 
safety precaution of installing a plastic cover as 
over the medium-pressure hose assembly 
previously explained. The proof pressure mu^T" 
be maintained for a period of not less than I 
minute and not more than 5 minutes. (Proof 
pressure varies according to the size of hose.) 
During this test period, check the hose for 
evidence of seepagei Hose assemblies showing 
evidence of seepage *must be rejected. Under no 
condition will any adjustment of the end fitting 
be made on the completed assembly. 

14-26. Assigning part numbers to high- 
pressure hose assemblies. Completed high- 
pressure hose assemblies are given part num- 
bers similar to those tor medium-pressure hose 



assemblies, the exception beir^g the specifica- 
tion number. An example of ^ high-pressure 
hose assembly part pumber is 
MS28759-8-0I54, as shown, previously in 
the center of tlgure 45. Tfts specification numr 
ber tells us that we are using high-rngssure hose 
MlL-H-8788 and end fittings MS28760. 
Again, the —8 tells us the size and the --0I54 
tells us that it is 15 1/2 inches in length. If we 
were to assemble high-pressure hose using end 
fittings MS2876I, our hose assembly part num- 
ber would be MS28762-.8-.0I54. This tells us 
that we have a high-pressure hose assembly with 
fiareless fittings attached instead of AN fittings 
{MS28760) for fiared tube. 

14-27. Marking locally manufactured high- 
pressure hose assemblies. Markings on the hose 
will be made in the same manner as with 
medium-pressure hose. 

14-28. Precaution<i To Be Observed Before 
Instulllng Hose A.ssemblies. You must observe 
certain precautionary measures before in- 
stalling medium- or- high-pressure hose assem- 
blies. For example, you should always inspect 
the hose assembly for serviceability. Also check 
it internally for foreign material. In addition, 
high-pressure hose assemblies must be proof 
tested before they are installed. 

14-29. Inspection of Medium- and High- 
Pres.sure Hose or Ho.se Assemblies. All rubber 
(synthetic) hose or hose assemblies must be in- 
spected for age and deterioration prior to in- 
stallation. However, Tetlon hose assemblies are 
considered chemically inert; therefore they afe 
exempt from shelf-life age control. Inspection 
and replacement of installed hose assemblies 
shall be made according to the aircraft in- 
spection requirements. Also Inspect for signs of 

) 



deterioration. Signs of deterioration are as 
follows: separation of the rubber cover or braid 
from the inner tube or wire braid; cracks, har- 
dening, and lack of flexibility. Weather 
checking of the cover, which does not expose 
the fabric, will not cause immediate failure. 
However, as a safety precaution, replace hose 
when cracks are deep enough to expose the 
fabric. Because of varying conditions, 
replacement of hose assemblies is made at the 
discretion of the inspector. Hose assemblies 
using MIL-H-8794 or MlL-H-r8788 hose 
must be replaced when any portion of the metal 
reinforcement is exposed or damaged. U is also 
replaced when the outer cover becomes loose. 



14-30. Storage of Medium- and High- 
Pressure Rubber Hose. The storage life of 
medium- and high-pressure hose 
MIL-H-8794 and MlL-H-8788 or com- 
plete hose assemblies is calculated from the 
date of manufacture stenciled on the hose (ex- 
cept for Teflon hose). The time limitation is 16 
quarters (4 • years) for airborne equipment. 
(Hose that is over 4 years old may be used oh 
ground equipment.) In addition, it should be 
stored so that the oldest hose will b^ used first. 
Hose must be stored in a dark, cool, dry place 
where it is protected from excessive heat and 
exposure to strong air currents. The hose must 
be stored away from electric motors* or other 
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Figure 70. Safetying with safety wire, 
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fiquipment which gives off heat or ozone. All 
bulk hose should have the ends taped shut to 
yprevent entrance of foreign material. Hose 
y assemblies should have caps or plugs (metal or 
plastic) installed to keep them free of foreign 
material. 

14- 31. You should now have a com- 
prehensive understanding of hydraulic fluids 
and plumbing materials. The nexl subject is 
safety. 

15. Safetying Devices 

15- 1. Aircraft vibration tends to loosen or 
alter the adjustment of various parts, such as 
jnuts, turnbuckles, and screws. Therefore, parts 
that are intended for disassembly or adjustment 
are safetied by some device. The safetying 
devices commonly used on aircraft are cotter 
pins, checknuts, lockwashers, safety pins, 
lockrings, and safety wire. Figure 69 shows 
these various safetying devices properly in- 
stalled. Study it carefully. One safetying device 
incorrectly installed or left out can cause a' 
failure of the component. This could possibly 
result in loss of the aircraft and the lives of the 
crew. This has happened! Now let's discuss each 
safetying device in detail. 

15-2. Cotter Pin. The cotter pin is shown in 
figure 69. It is used for safetying various units 
such as castle nuts, clevis pins, and flathead 
pins. As an example, a 1/4-inch diameter bolt is 
drilled to. receive a cotter pin 1/16 inch in 
diameter. Any installation requiring a safety 
pin smaller than 1/16 inch in diameter will use 
0.041-inch steel wire. The cotter pin should be 
installed as illustrated in figure 69. 

15-3. When removing the cotter pin, 
straighten the prongs. Then remove it with a 
cotter pin extractor or diagonal pliers. A cotter 
pin should never be reused. 

15-4. Checlcnut. The checknut gains its 
safety factor by friction between metals. The 
checknut is tightened down after the plain nut 
has been tightened to the specified torque. The 
plain nut should be held with another wrench 
to prevent it from turning while the checknut is 
being tightened. 

15-5. Loclcwa^lfer. A lockwasher maintains 
its safety factor by exerting spring pressure on a 
nut or screw. Because the threads of the screw 
or bolt arc kept under tension, they resist any 
tendency of the bolt or screw to turn. 



15-6. Safety Pin and Locicring. The safety 
retaining pin is used to lock suQh components 
as magneto covers, brush blocks, and lockpins. 
The pin locks either a screw or a unit to a 
housing. The safety pin prevents the unit or 
screw from turning or moving from its respec- 
tive position. 

15-7. The locking is used to hold end plates 
or retaining plates in the respective housing. 
ThiS'^ is done by installing th ' lockring in a 
groov^ after the end plate or retaining plate has 
been installed. It is held in the grove by spring 
tension. ' 

15-8. Safety Wire. Safety wire and cotter 
pins arc the most commonly used safety 
devices. Safety wire may be obtained in either 
copper or steel. The units to *e safetied will 
determine the type of safety wire to be used. 

Safety wire is generally applied by twisting. It 
must be taut and twisted close to the parts. In 
all applications, the wire should be arranged to 
oppose any loosening of the part. Figure 70 
shows various methods and uses of safety wire. 
Study this figure carefully. The twisting can be 
done by hand or, when available, by special 
pliers. 

15-9. Several different methods of safety 
wiring^urnbuckles are in use. However, a stan- 
dard procedure has been adopted by the armed 
services as the preferred method. This preferred 
method is illustrated in figure 70. Prior to 
safetying, check the turnbuckle for proper ad- 
justment. Both terminals should be screwed an 
equal distance into the turnbuckle barrel. No 
more than three threads should be exposed out- 
side the barrel. After the turnbuckle is adjusted 
properly you are ready to safety. To safety, start 
by inserting two pieces of safety wire in the cen- 
ter hole of the turnbuckle. Then bend the ends 
of the wires 90° toward the ends of the turn- 
buckle barrel. Then pass them, through the hole 
in the turnbuckle eyes or between the jaws of 
the turnbuckle fork, as applicable. Wrap the 
wires four times around the shank, binding the 
wrapped wires in place. 

15-10. When safetying a swaged terminal, 
pass the wire through the hole provided. Then 
loop the wire over the free end of the other 
wire; both ends must be wrapped around the 
shank, as shown in figure 70. 
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CHAPTER « 



Maintenance Tools 



FOR WANT OF A NAIL the shoe was lost, for 
want of a shoe the, horse was lost, for want of a 
horse the battle was— oh well, you know that 
story. It's been handed down through the years, 
and since no one has contested it, it's been ac- 
cepted as fact. But the tale has been retold so 
many times that it's just possible the facts got 
garbled somewhere enroute. 

2. Maybe the battle was lost for the lack of a 
proper tool to drive the nail to fasten the 
horse^s shoe. 

3. There were probably kegs and kegs full of 
nails at the local battlefield blacksmith shop. 
But the right tool for the job was important in 
those days too. Maybe the battle was lost 
because that tool wasn't used at the critical 
time. 

4. Since the days when horses trod the bat* 
tlefield, the proper use of handtdols has grown 
even more important. For exampR, the main- 
tenance of modem aircrjift absolutely demands 
that the correct tool for the job be used — and 
used right! When the wrong tool is used, or 
even when the right tool is used incorrectly, 
serious accidents can result. The following near 
accident shows what can result from the wrong 

\ use of handtools. 

5. A technician working in the third crew 
^ station of a B — 58 misplaced a 4 — inch 

screwdriver. Later, when he found out that the 
tool was missing, he searched for it, but didn't 
find it. The technician then committed two 
errors. First, he gave up ihe search, and 
second — but more serious^he failed to report 
the missing tool. A short time later, another 
technician, not knowing that anything was 
wrong, entered to do some work. One of the 
tasks was to move the seat up and down. This 
was to insure that the interphone cable had 
enough slack not to interfere with seal travel. 
When the technician moved the seat for this 
check, pandemonium and turmoil broke loose. 
The missing screwdriver was nojonger lost. It 
was discovered jammed in the seat belt initiator 
tripping device. When the technician activated 
the seat position motor it caused the seat belt 
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initiator to fire. This, in turn, caused the seat 
separator initiator to fire a moment later. For- 
tunately, this story of the misuse of a tool has a 
happy ending. The technician made a fast exit 
from the third crew station unhurt. Not all 
stories regarding the misuse of tools have such 
pleasant endings. Therefore, it is important that 
you realize how a terrible^ accident can have 
such a simple beginning. 

6. This brings us to the subject of handtools. 
Countless volumes have been written on the 
subject of the proper use and care of handtools. 
Even so, the plain fact is that some mechanics 
think that handtools are so^simple that no^one 
needs to bother ab,/zfqrpointing out the right 
and wrong way of using them. Understandably, 
a mechanic who^ considers himself a 
professional sometimes resents unasked for ad- 
vice. Especially such as on tools or any other 
subject he considers to be within his domain. 
This attitude is a common fault among people 
in many fields who consider themselves 
professionals in their chosen specialty. This 
feeling is not restricted to mechanics. Never- 
theless,'^ the proper care, handling, and use of 
basic handtools is outlined in this chapter. If 
the subject matter in this chapter is studied with 
an open mind, it should pay dividends for both 
the mechanic and the Air Force. 

16* Handtools 

16-1. One of the outstanding characteristics 
of a gS^od mechanic is the sound judgment he 
uses in caring for his tools. He prolongs the life 
of tools by always taking good care of them. 
Such good care includes periodically cleaning 
the tools. At this time, the mechanic should in- 
spect the tools for serviceability. In this way he 
increases his efficiency and the quality of his 
^ work. Equally important, he uses each tool only 
for the purpose that it was intended. 

16-2. If you were to ask this man how he 
manages to keep his tools in such good shape he 
might answer that he uses a checklist. This list 
could be written or it could be committed to 
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memory. If it's a written list, it might look 
something like this: 
a Keep topis as clean as po$sible when using 
• them and be sure to clean them before put- 
ting them away, 
b. Ha¥C a place for each tool, 
c Keep every tool in excellent condition, 
rf. Make an inventory of tools after each job 
to prevent leaving anything in aircraft 
engines, ducts, wells, etc. 
e. Keep junk and unneeded tools out of 
'toolbox. * 

/ Keep toolbox securely locked and in a safe 
place when not in use. 

16-3. Screwdrivers. One of the most 
misused tools is the screwdriver. Many 
mechanics seem to forget that there is a proper 
screwdriver for every job. Too often small 
screws are driven with a giant driver, and the 
result, of course, is a scored slot. Phillips and 
Reed and Princeipcrews take the worst beating, 
usually because the mechanic is too lazy to get 
the right driver. In addition, Phillips and Reed 
and Prince crosspoint screwdrivers are often 
used mistakenly,* simply because they resemble 
each other. They are not interchangable 
because their tips are ground differently. Figure 
71 shows the most common type&^f 
screwdrivers presently used. 

16-4. It may come as a surprise to some 
people, but the screwdriver is intended for one, 
and only one, purpose: to loosen and tighten 
screws. The screwdriver, with its slender steel 
shank and wood or plastic handle, is designed 
to take considerable twisting force or torque. 
But it is not designed to be used as a lever, 
chisel, ppnch, or pry bar. The bending force on 
the shank plays, havoc with the shape of the 
tool. 

16-5. The tip of a correctly ground 
screwdriver should have the sides of the blade 
practically parallel. However, since it costs 
more money to grind a blade like this, most 
manufacturers taper the blade out to the shank 
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Figure 71 Commonly used screwdrivers. 



Figure 72. Commonly used hammers, 

oody. A good trick is to dress the blade on an 
emery wheel so that the faces taper in very 
slightly for a short distance back of the tip. A 
screwdriver blade ground in this way will stay 
down the screw slot even under severe torque. 

16-6, HammersJ There are many kinds of 
hammers, but the one most used by Air Force 
mechanic^ is the ball peen. These hammers are 
classified according to weight of the head 
without the handles. They usually weigh 4, 6, 8, 
and 12 ounces; and \, 1 1/2, and 2 pounds, 

16-7, Most beginners have a tendency to 
hold the handle too close to the head, 
"choking" the hammer. Holding the hammer 
like this reduqjes the force of the blow and 
makes it harder to hold the hammer head 
upright. 

16-8, When you use a hammer on a 
machined or polished surface, always protect 
that surface. Plice a piece of soft brass, ccfpper, r 
lead, or hardwood between the surface and 
hammer. For certain types of work there are 
special hammers made from rawhide, plastic, or 
brass that protect the surface. Never use the^ 
butt of the hammer handle for bumping, such as 
tapping a bearing into place. It may split the 
handle. Figure 72 shows, the more commonly 
used hammers. 

16-9. Pliers. Pliers rank close to screwdrivers 
as being the most misused handtool. No tool in 
your box can ruin more work than a pair of < 
pliers. In fact, some experienced mechanics 
won't let an apprentice mechanic use a pair of ' 
pliers under any circumstances. 
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Figure 73. Commonly used 'pliers. 

16-10. There are many types of pliers, but 
the most common is the 6-inch combination 
slip-joint pliers. These are also called com- 
bination pliers. These are shown in figure 73. 




Combination pliers comeJn 6-, 8-, and 10- 
inch sizes (the length of the handle determines 
the size). Some are made with side cutter 
arrangement for clipping cotter pins. 

16-11. Under no circumstances shQuld pliers 
be used on hardened surfaces to tighten or 
loosen a nut. If you do use them on such a har- 
dened surface, you'll dull the teeth. Think of a 
pair of pliers as a holding tool, never as a 
tightening tool. 

16-12. Other variations are the diagonal 
(dike) pliers and the long-nose pliers. Use 
diagonals for clipping cotters, pulling cotters 
from castellated nuts, and for spreading split 
ends of cotter pins. 

16-13. The long-nose pliers— round, flat, or 
duckbill — will help you out of many a tight 
spot. One advantage is a long reach .in a close 
place. Another pair of pliers that is a common 
tool for the hydraulic man is the snapring 
pliers. They come in several different sizes, 
both ipside and outside type; that is, they are 
designed either to spread snaprings or t6 clamp 
them together. 

16-14. Wrenches, There are many different 
kinds of wrenches that the skilled pneudraulic 
repairman must know how to use and care for. 
We shall focus attention on the'open-end, box- 
end, adjustable-jaw, strap, spanner, socket, 
torque, and Allen wrenches. 

16-15. Open-end wrenches. Solid, nonad- 
justable wrenches with openings in each end are 
called .open-end wrenches. The upper portion 
of figure 74 shows. one of these wrenches. 
About 10 open-end wrenches are commonly 
found in a toolbox. The openings normally 
vary from S/16 to 1 inch in width. 

16-16. The size of the openings between the 
jaws determifies the size of the wrench. The 
smallest wrench in the ordinary set has a 5/16- 
inch opening in one c.nd and a 3/8-inch 
opening in the other. Because of this com- 
bination, the wrench is called a 5/16- by 3/8- 
inch open-end wrench. These figures refer to 
the distance across the flats of the nut and not 
to the bolt diameter. Wrench openings usually 
measure 0.003 to 0.015 inch larger than the 
nominal sizes marked on the wrenches. This is 
so ^they will more easily slip on and off 
boltheads and nuts. 

16-17. The smaller the openings in the 
wrench, the shorter the overall length. This 
proportions the lever advantage of the wrench 
to the sjze of ihe bolt or s^tud. With a given 
amount of pull on a wrench, a short length will 
produce less twisting or torque and will reduce 
the possibility of shearing or stripping the nut. 

16-18. Open-end wrenches have their iieads 
and openings at an angle to the body. Most arc 




designed to be offset about 1 5°, bm some wren- 
ches are designed for a 22.5° offset. In ca^se you 
wonder why wrenches ai:e made this way, it is 
because this design provides for working in 
close quarters. \ 

16-19. Aj»<^ementary trick is that of "flop- 
ping" tht vrench after evep^ stroke; flopping 
consists of turning the wrench over. What had 
becq^^htJ^pper face is now facing down* and the 
angle of the head is reversed to fit the next two 
flatii of the hex nut. This makes it much easier 
to loosen or tighten a nut. The 15° angle and 
flopping the wrench enable youfto turn a nut 
eveta when the swing of the nut is limited to 

l(?^0. Some special types of open-end wren- 
ches have the angle of opening at 75°, whereas 
others are set at an angle of 90°. There are also 
special, thin open-end wrenches which have ex- 
tra long handles that allow you to work in 
narrow spaces. Never use this type of wrench 
for any job' that requires a lot of torque, 
because the handles won't take it. 

16-21. Always pw// on the wrench — never 
push. Pushing a wrench is dangerous. The 
threads could break loose unexpectedly and 
you'd wind up with some hide off your 
knuckles. 

16-22. Box-end wrenches. The best feature 
about a box-end wrerifch is that it can be used in 
close quarters. This wrench is called a box-end 
wrench because it boxes or. comple'tely 
surrounds the nut or bolthead. The lower por- 
tion of figure 74 shows a box-end wrench. The 
box-end wrench may have 12 notches arranged 
in a circle. A 12-point wrench can be used to 
loosen or snug up a nut with a minimum handle 
travel of ovtt^ 30°, whereas a 60° swing would 
be necessary in an open-end wrench. 

16-23. Another advantage of the box wrench 
is that there is little or no chance of its simping 
off the nut or bolt, because it completely en- 
circles the nut ^or bolt head.' 

16-24, Another version of the box-end 
wrench is the cutaway box^end wrench, shown 
in figure 75. This wrencj/is specially designed 
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Figure 74. Open-end and box-end wrenches 




Figure 75. Cutaway box-end wrench. 

for tightening plumbing co^^ctions. The 
cutaway endbles the box to be sffpped over the 
tubing and then, positioned q|i the nut of the 
connection. This type of wrench has an ad- 
vantage over an open-end wrench when 
tightening tube connections. l\ is that there is 
little chance of the cutaway wrench slipping off 
the nut. 

\t '25, Adjustable-jaw wrenches. Adjustable- 
jaw wrenches' are those ihat have one stationary 
jaw and one adjustable jaw. Figure 76 shows 
two types of adjustable-jaw wrenches. ,The 
length of the handle determines the 3ize of the 
wrench. For example, a 6-inch Crescent has a 
6-inch handle, although its jaws open only to 
three-fourtlfs of an inch. As the length of the 
handle increases, there is a proportional in- 
crease in the size of the opening of the jaws. 

16^26. The Crescent wrench, shown in the 
lower portion of figure 76, is the most com- 
monly used adjustable wrench. However, the 
Crescent wrench is not intended to take the 
place of standard open-end, box-end, or socket 
wrenches. It is primarily intended to be used 
when an odd-sized nut or bolt is encountered. 




Figure 76. Adjustable-jrfw wrenches. 
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Crescent wrenches are not built for hard sqv- 
vice^ They just won*t take torque! To prevent 
breaking The tool, when you have to exert any 
amount of force apply it properly. Always 
remember to place the wrench so that th^ 
pulling force is applied to the stationary jaw 
side. The adjustable jaw should push. After you 
place the wrench, tighten the knurl so that the 
jaws fits the nut snugly. Usually, a set of 
Crescent wrenches includes 4-, 6-, 8-, 10-, and 
12-inch wrenches. The same application 
technique also applies to the auto wrench. 

16-27. The upper portion of figure 76 shows 
an adjustable-jaw type wrench which is 
generally referred to as the auto wrench. Some 
call it a knucklebuster, with reason. When force 
is applied, the jaws tend to spread and slip off 
the nut or bolt head. 

16-28. Strap wrenches. The strap wrench 
consists of a bar with a strap attached to one 
end. It is used to hold or turn cylindrical i5arts 
without damage to the surface. Our most com- 
mon usage would be to hold the barrel of an ac- 
tuating cylinder or^ piston type accumulator 
while removing the end caps. A strap wrench is 
shown in figure 77. 

16-29. Spanner wrmches. Spanner wrenches 
are siK^cial wrenches for special jobs. There are 
a number of types, some of which are shown in 
figure 78. The hook spanner is for a round nut 
that has a series of notches cut in the outer 
edge. The hook or lug is placed in one of the 
notches with the handle pointing toward jthe 
direction in which the'nut is to be turned. Some 
hook spanner wrenches are adjustable and will 
fit nuts of various diameters/ U-shaped hook 
spanners have two lugs on the face of the 
wrench to fit notches cut in t4is( face of the nut 
or screw plug. End spanners resemble a socket 
wrench but have a'series of lugs on the end that 
fit into corresponding notches in the nut ox 
plug. Other spanners come in kits, with 
replaceable lugs or pins to fit a various com- 
bination of nuts and plugs. 
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Figure 77. Strap wrench. 

16-30. Socket wrenches. The socket wrench 
helps greatly in making a mechanic's work 
easier. The first socket wrenches were formed 
with an L or T handle as part of the wrench. 
Each size socket was a separate wrenth. '^day, 
however, there is an infinite variety of socket 
wrenches for every (Possible use and position. 

16-31. One thing to keep in mind when using 




ADJUSTABLE HOOK SPANNER 




END SPANNER WRENCH 



htgure >»rVipanner wrenches. 

socket wrenches is that they should never be 
overstressed. Never use an extension to 
lengthen a socket wrench handle to increase 
torque. Always use a socket that is big enough 
for the job— and by that we mean the drive size. 
Don*t be in a hurry, and use a 1/4-inCh drive 
socket when it requires a 3/8-inch drive that is 
built for the heavy job. Figure 79 shows two 1 2- 
point sockets and the n^arious extensions, 
uiiiversals, ratchets, etc.. used with the sockets. 
Sockets are also designed with 6 points. The ad- 
vwtage of the 12-point socket is tuat it must be 
swung only half as far before it can be refitted 
for another grip on a nut. For this reason, it can 
be used in close quarters. On the other hand, a 
6-point socket holds the nut better. It offers less ' 
chance for wear because of the greater holding 
surface. 

16-32. Torque wrenches. Torqiie wrenches 
are calibrated tools used to measure the force 
^of pull (pounds) when tightening nuts or hose - 
clamps. It can also be used for checking the 
breakaway torque of various driving units. The 
torque is expressed^ in either inch-pounds or 
foot-pounds. As -a pneudraulic repairman, you 
wiJU^be required to use these wrenches when in- 
tuUing units. Units must be properly torqued, 
or else disastrous consequences may result. 
^16-33. The breakaway type torque wrench, 
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bigure 79. Socket wrench set. 

shovfn in figure 80, is cominonly used by the 
Air Force. This type of torque wrench 
automatically releases when a predetermined 
torque value is reached. This torque wrench 
consists of an adjustable handle grip, a locking 
ring, a micrometer type adjustment in*- 
corporating a thimble marked for secondary in- 
crements, a spring tube marked for primary in- 
crements, and a drive assembly. 

16-34. To set the breakaway type torque 
wrench to the selected value, unlock the handle^ 
grip by turning the locking ring. Then turn the 
handle grip either clockwise or coun- 
terclockwise until the graduation on the thim- 
ble aligns with the desired graduation Ojn the 
tube. The handle grip and the thimble are 
machined from one piece of steel. Thus, they 
turn as a unit. After the adjustment is made, 
relock the handle grip by turning the locking 
ring. 

16-35. When using the breakaway type 
torque wrericlt^ always pull the wrench in a 
clockwise direction, applying a smooth and 
steady motion. When the torque applied 
reaches the, predetermined torque setting, the 



wrench will automatically release, or ''break/' 
producing from approximately IS® to 20® of 
free travel. This release is distinct and indicates 
completed tightening action on the fastener. 

16-36« There is another important thing to 
remember when using a torque wrench to 
tighten a series of nuts: never tighten one nut to 
the specified torque before starting to tighten 
Ihe other nuts. Ihstead, tighten each nut a little 
until they all meet the specified torque. Nuts 
opposite (or diagonal to) each other should be 
tightened in sequence. 

16-37. Organizational maintenance activities 
must have their torque wrenches tested once a 
month, or more often if usage demands. Local 
directives designate the shop .to do the testing. 
The 30-calendar-day period is calculated from 
the date of the test. For example; a tool tested 
on 15 March 1968 will be due for retesting on 
15'April 1968. A torque tool that is dropped or^ 
otherwise abused must be tested and 
recalibrated if necessary before further use. Af- 
ter each test, a color code strip is placed around 
the handle with the date, month, and year 
retes^in^ is due. 

16-38. Allen wrenches. Another type oL 
wrench you may sometimes have occasion to 
use is the Allen wrench. This wrench is six- 
sided, L-shaped, and designed to fit into the 
recessed head of the setscrew or capscrew. 
Either end of one of these wrenches will fit into 
the recess, making its use possible where either 
a tong or short reach is desired. 

16-39. Files. Another tool that the 
pneudraulic- repairman will likely usa is the 
mill file. A milFfile, shown in figure 5l, is a 
hardened, high-carbon steel tool used for cut- 
ting, removing, smoothing, or polishing metal. 
Use a coarse file for soft metals and a smpoth 
file for hard metals. The double-cut file gives a 
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Figure 80. Breakaway type torque wrench 
79 



smoother cut and will remove more material 
per stroke. 

16-40. The mill, file should never be used 
without a handle. Without a handle, if the file 
slips, the tang of the file may cut or stick in the 
palm of your hand. Remember, the real 
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mechanio— the man who is careful in the way he 
goes about his work and uses tools— seldom has 
need for a first aid kit. 

16-41. Whenever possible, clamp the part to 
be filed in a vise. In using a file, remember that 
the teeth are madci to cut in one direction 
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only — ^when the file is being pushed forward. 
Use only sufficient pressure to keep the file cut* 
ting. All pressure should be relieved on the 
back stroke. Back stroke pressure serves only to 
help dull the cutting edges of the teeth. 

16-42. In some shops they call a mechanic 
who drags a file on the back stroke a "shuffler,** 
because he is like a man who is too lazy to pick 
up his feet when he walks. 

t\ 

16-43. Never use a file after the teeth 
become "choked" or clogged with particles of 
metal. To jar the filings, bump the tip of the file 
or the end of the handle on the bench every 
now and then while filing. This won't always 
get all the chips out, so the thing to* do when the 
file gets "loaded'* is to clean the teeth with a file 
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Figure 82. Hacksaws and blades. 



card, as shown in figure 8 1 . This is a brush with 
short, stiff wire bristles. If there are any chips 
left after using the file card, these should be dug 
out with a pointed cleaning wire called a^ick 
or scorer. Usually a file card has one attached 
to the handle. Occasionally apply a light coat of 
oil to your files to prevent ruslL from forming. 

16-44. Hacksaws. Hacksaws are often used 
by mechanics. Common hand hacksaws have 
either adjustable frames or solid frames, as 
shown in figure 82. Adjustable frames can b^ 
changed to hold blades from 8 to 16 inches 
long. Solid frames, although more rigid, will 
take only the length of blade for which they are 
made. This length is the distance between the 
twp pins which hold the blade in place. 

16-45. Hacksaw blades are made of high- 
grade, hardened and tempered tool steel. There 
are two types: the all-hard and the flexible 
blades. All -hard blades ai^e hardened 
throughout, whereas only the l*ih of flexible 
blades are hardened. Blades anerally range 
from 7/16 to 9/16 inch wide airo have from 14 . 
to 32 teeth per inch. They are from 8 to 16 in- 
ches long. 

16-46. Choice of the correct hacksaw blade 
for a certain job is determined by the type of 
material being cut. An all-hard blade is best for 
sawing brass, tool steel, cast iron, and other 
Steele of heavy c r o s s -sec tion. I n generaf, ^i: 
flexible blade is used for sawing hollow shapes 
and metals of light cross section, such as chan- 
nel iron, tubing, tin, copper, and aluminum _ 
(refer to fig. 82). Coarse-toothed blades are" 
used mostly for solid stocks, whereas fine- 
loothed blades are used for materials such as 
tubing, channel iron, and, sheet metal. A blade 
with 32 t^eth per inch is recommended for cut- 
ting thin-walled tubing and conduit. 

16-47. After the correct blade has been 
selected and installed in the hacksaw frame, it 
should be moderately tightened. A blade that is 
tightened too tight will break easily when used. 
Next, mark the material that is to be cut. This 
can be done with a scriber. pencil, .etc. If 
special accuracy is required, nick the material 
with a tile and start the saw in the nick. Be cer- 
tain that the work to be cut is gripped tightly in 
a vise, with the line of cut as close to the vise 
jaws as possible. When cutting angle iron or 
any odd-shaped material, start the cut so that 
the maximum number of teeth is engaged 
throughout the |C4jk When cutting aluminum 
tubing, make cciH^ that the tubing is held fir- 
mly in the vise. Yet do not hoW it so tightly that 



81 



ERIC 



57 



5^ 




42-4If 



Figure 83. Thread and thickness gages. 

the tubing will bJ squeezed out of shape. It is 
advisable to clamp the aluminum tubing bet- 
ween two pieces of wood or soft metal and saw 
through all three pieces, because this will 
prevent chattering and possible damage to the 
work. The hacksaw should be moved forward 
with a light, steady stroke. At the end of the 
stroke, relieve the pressure and draw the blade 
straight back. After the first few strokes, make 
each stroke as long as possible without striking 
the saw frame against the material being cut. 
The most effective cutting speed is about 60 
strokes per minute. When the m^erial is nearly 
cut through, relieve the pressure on the saw 
slightly. This is to prevent the teeth from cat- 
ching. 

16-48. The chief danger in using hacksaws is 
injury to the hand when a blade breaks* The 
blade will break if the mechanic bears down 
too hard on the cut or does not push the saw in 
a straight line. If the work is not tight in the 
vise, it will sometimes slip, twisting the blade 
enough to break it. 

16-49. Much of this information about hand- 
tools may have sounded elementary to your 
experienced han^. But day after day, it is often 
the so-called experienced hand that is bungling 
the job with the wrong tool or the right tool 



carelessly used. Slop and THINK a minute. Ex- 
perience and a little common horse sense will 
carry you a long way iQ, the right direction. 
Special measuring tools such asT thickness gages 
and micrometers are also commonly used by 
the pneudraultc repairman. 

17. Special Measuring Tools. 

17-1. As a pneudraulic repairman, you need 
to know how to read the various measuring 
devices that are used in your work. Sometimes 
you will have to make measurements in ten- 
thousandths of an inch. The correct use, care, 
and storage of measuring devices is necessary 
for long service and complete accuracy. In- 
cluded among the tools that you may use arc 
the' thickness and thread gages shown in figure 
83. The thickness gage is used to measure 
clearance between objects. A thread gage is 
very useful when matching nuts and bolts or 
when ordering replacement parts. The thread ^ 
gage will measure the number of threads per 
inch; without such a gage it is often difficult to 
sec the difference in bolts lying side by side. In 
this section we will discuss special measuring 
tools. We will focus on the use of micrometers, 
including the outside micrometer, inside 
micrometer, and depth micrometer. 

17-2. Outside IViicrotnclcr. With the outside 
micrometer you can measure the outside 

dimension of an object, the thickness of a metal 

plate, or the outside diameter (O.D.) of a tube 
or piece of wire. The frame (figure 84) of the 
micrometer is made in different sizes to ac- 
commodate various objects. The size of the ob- 
ject that the micrometer can measure is 
generally damped on the side of the fjajBie. You 
can look jat the micrometer and determine what 
size object it will measure. This is really not 
much of a task once you are familiar with 
micrometers. If your micrometer is marked 
with "0— 1," then it is made to measure objects 
up to i inch in thickness; if it is marked with a 
"5 — 6," it is for objects measuring between 5 
and 6 inches. Some frames may have a single 
number instead of a dual number. If the num- 
ber is 3, the largest measurement to be taken 
with that micrometer is 3 inches. The range of 
the micrometer, then, is between 2 and 3 in- 
ches; the range is the distance between the 
largest and smallest measurements that can be 
taken with the tool.. Micrometers usually have a 
1-inch range, but some have a 1/2-inch 
range — from 0 to 1/2 inch, for example. 

17-3. Now refer to figure 84 again, and let's 
see how an outside micrometer measures. The 
object to be measured is placed squarely bet- 
ween the anvil and the spindle. The anvil is 
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fixed to the frame and is stationary with respect 
to it. Anvils are shaped according to the use to 
which the tool is put; they may be flat, rounded, 
or tapered on the end. The spindle is fastened 
internally to the thimble which, when turned, 
moves the spindle nearer to or farther from the 
anvil. 

17-4. When the thimble is turned, it moves 
tiXhtt inward or outward on the barrel. On the 
barrel are two series ot graduations and a line. 
This line, which extends lengthwise along the 
barrel, is known as the revolution line. Per- 
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Figure 84. Outside micrometer. 

pendicular to this line are the major 
graduations. The major graduations are num- 
bered 0, 1,2, 3, 4, 5 on the tool with a 1/2-inch 
range; or 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 on the 
tool with a l-inch range. Each of these major 
graduations represents 0.1 inch. Each of the 
smaller graduations (lines) on the barrel (there 
are three between each major graduation) 
represents 0.025 inch. The thimble will move 
laterally a. distance equal to the space between 
two minor graduation lines when it is rotated 
once. Four revolutions will move the thimble 
(and spindle) exactly 0.1 inch. ^ 

17-5. Around the inner end of the thimble 
there are 25 equal calibrations, or divisions. 
Each division represents 0.001 inch, since one 
revolution moves the thimble 0.025 inch. 
Usually every fifth division is marked. Thus, the 
numbers 0, 5, 10, 20 are found on the tapered 
end of the thimble, and these numbers are used 
in computing the dimension of an object. 

17-6. The number located on the tapered 
end of the thimble and aligned with the 
revolution line indicates the number of 
thousandths the thimble has moved past the last 
smaller graduation on the barrel. 

17-7. Refer to figure 85 and let's assume that 
the dimension reading is taken on a 0 to 1 
micrometer. The thimble is positioned so that 



the second major graduation on t^f barrel is 
fully uncovered. Observe that the scale in- 
dicates a reading of 0.200 inch. One smaller 
graduation on the barrel is completely un- 
covered. We will add the quivalent of this 
graduation, bringing the measurement up to 
0.225 inch. You will notice that the 12th 
graduation on the thimble is aligned with the 
revolution line. Therefore, 0.012 inches added 
to give a total measurement of 0.237 inch. The 
same reading found on a 4-inch micrometer 
would indicate a dimension of 3.237. This is 
because the range of this micrometer is between 
3 and 4 inches. Thus, we find that we have one 
extra step to follow when^sing an outside 
micrometer to measure anything greater than an 
inch. That step consists of adding the least 
possible measurement, shown on the frame, to 
the reading from the micrometer scale. 

17-8. One of the greatest abuses of this type 
of micrometer is overtightening (turning the 
thimble too hard against the work). Use just 
enough pressure to bring the anvil and spindle 
against the surface of the object being 
measured. A light pressure supplied .by thumb 
and forefinger is enough. The micrometer 
should never be tightened enough to support its 
own weight. On many micrometers a ratchet is 
built into the end of the thimble, as shown in 
figure 84. The ratchet is preset to slip if too 
much pressure is appligd to it. Therefore, turn 
the thimble with the ratchet and you will 
safeguard the too4 and its accuracy. Many 
micrometers have a lock identified by a knurled 
ring in the fram| around the spindle. When the 
lock is applied, more pressurl is required to 
turn the thimble. The lock is used to secure the 
thimble after it has been positioned; thus, this 
lock enables to the tool to be handled without 
disturbing the reading. 

17-9. Outside Micrometer with Vernier 
Scale. Any micrometer that can be read to one- 
ten-thousandth of an inch has an additional 
scale. It is called the vernier scale. With the use 
of a vernier, it is possible to divide the thimble 
calibrations into 10 equal parts, resulting in a 
reading in increments of one ten-thousandths of 
an inch. The vernier scale consists of 1 0 equally 
spaced, numbered lines which extend length- 
wise along the barrel. They are parallel to the 
revolution line, aS shown in figure 86. These 
lines occupy the same amount of space as nine 
lines on the thimble. The effect of this 10-part 
vernier is to split the thousandths into one ten- 
thousandths. When reading the vernier scale, 
tends through the center of the thimble and 
barrel and protrudes from the hole in the center 
of the base. The base provides a reference sur- 
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use the number on the scale which is most 
closely aligned with any calibration on the 
thimble. As an example, consider a reading on 
a 0- to 1-inch micrometer (fig. 86). In the 
illustration the major graduation 3 is un- 
covered. This indicates that the surfaces being 
measured are at least 0.300 inch apart. Since no 
minor graduations after the 3 are uncovered, no 
units arc added from the barrel. Instead, read 
from the thimble calibration. There you find 
that the tenth graduation is the last one to pass 
the revolution line. Add 0.010 inch for the 
thimble reading to obtain a total reading of 
0.310 inch. Now read the vernier scale. There 
you find that the No. 1 graduation of the ver- 
nier (on the barrel) is most closely aligned with 
a calibration on the thimble. This final figure, 
0.0001 inch, is added to those already deter- 
mined. You now have the total measurement of 
0.3101 inch. 

17-10. Whenever you read a micrometer 
scale of this type, remember to read only those 
major graduations fully uncovered. Then go to 
the next finer scale to determine the value of 
the "partly used** graduations. In the above 
example,'a bit of the major scale is uncovered, 
which showed that the dimension was greater 
that 0.300 inch. The next finer scale shows thq^t 
the measfurements have increased 10 full 
thousandths beyond the 0.300-inch mark. 
Also, the movement is slightly beyond the 
0.010-inch mark on the thimble; therefore, you 
must look at the vernier to determine the exact 
artiount^ 
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Figure 87. Inside micrometer. 

17-11. Besides not applying much pressure 
to the thimble, remember to handle these tools 
with care. When not in use, they should be kept' 
clean; and, if practicable, coat them with light 
oil to prevent corrosion. Do not close the gap 
between the- anvil and spindle tightly when 
storing a micrometer. This tension may destroy 
its future accuracy. 

17*12. Inside \lYcrometer. The inside 
micrometer, shown in figure 87, can Be used to'^ 
measure the inside dimension (I.D.) of an 
opening in an object. The inside micrometer 
measures just as precisely as does an outside 
micrometer. However, the nomenclature differs 
slightly from that of the other micrometers. 
Also, the range of an inside micrometer is 



usually on|^ 0.500 inch. The head (fig. 87) of 
the inside micrometer contains the barrel and 
the thimble 4^r^e know them iiv the outside 
micrometer. Fully closed, the inside 
micrometer measures 1.5 inches. Hence, with 
this micrometer we cannot measure any bore 
less than 1.5 inches in diameter. By adding an 
extension of a given length (extensions are 
marked as to added value), the tool can be ad* 
justed to measure greater dimensions. A 5-inch 
extension is shown in figure 87. The maximum 
measurement is governed by the size of the ex- 
tension available. The longest single extension ^ 
ip^most sets is 6 inches long. Extensions can be 
added to one or both ends of the head on many 
of these tools. As a result it is possible to in- 
crease the maximum measurement. The tool 
shown in figure 87 accommodates an extension 
at one end of the head only. 

17-13. The procedure for reading this tool is 
quite like that for reading the outside 
micrometer. The reading is taken from the head 
in exactly the same manner as before. Add the 
scale reading to 1.5 inches (head value, if 
closed) and to the value of the extension used 
(if any). This gives you the total of the dimen- 
sion; that is, scale reading +1.5 inches (head 
value, closed) + extensions = total inside 
dimension. Study figure 88 for a sample reading 
with a 5-inch extension installed. From the 
scale you get a reading of 0.243 inch. To this 
add the head minimum length of 1.5 inches, 
giving a total head length of 1.743 inches. 
Finally, add the value of the extension, 5 in- 
ches. This gives a total measurement of 6.743 
inches (0.243 inches + 1.5 inches + 5 inches 
= 6.743 inches). 

17-14. Removable caps are installed on the 
ends of the head to enable installation of an ex- 
tension. Caps are also provided on the ex- 
tensions to adjust the length of the extension if 
needed. The cap on an extension must not be 
removed when you use the tool; adjustment is 
made when the tool is checked by authorized 
personnel. When installed, caps or extensions 
should be screwed in snugly but not ex- 
cessively. Once again, the pressure of the thumb 
and forefinger is enough^ to get accuracy 
without damaging the tool. 

17-15. Depth Micrortieler. The depth 
micrometer, shown in figure 89, is used to 
measure the depth of a hole. The range of most 
depth micrometers is 1 inch. Extension rods are 
used to extend the range from readings of 0 to 1 
inch, 1 to 2 inches, or 2 to 3 inches. These ex- 
tension rods are fitted into the thimble by 
removing the thimble cap. Then insert the ex- 
tension rod, and replace the thimble cap to 
hold the rod in place. The extension rod ex- 
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Figure 88. Reading inside micrometer (0.243 inch). 



face in the same manner as the anvil in the out- 
side micrometer. The extension rod end serves 
as the other surface just as the spindle does in 
the outside micrometer. Hence, we measure the 
distance between the plane (level) of the base 
and the end of the extension rod. With the 0- to 
1-tnch exutision rod installed and the thimble 
turned tcfme 0.000 position, the tip 3f the rod 
will be flush (even) with the flat reference sur- 
face of the base. If the 1- to 2-inch rod were in- 
stalled, the rodAvould exten^d exactly 1 inch out 
of the base. The extension rod is extended or ' 
retracted by turning the thimble. 

17-16. Whenever an extension rod is used, 
a measurement reading must include the value 
of its length. The scale o^i this type of microme- 
ter is inverted as compared with the outside 
micrometer. The 0.000 position on the outside 
micrometer is found with the thimble covering 
the barrel to the "0" mark. With the depth 
micrometer the barrel scale is completely ex- 
^ posed when the tool is reading 0.000. Although 




Figure 89. Depth micrometer. 



the scale on the barrel is inverted, it is other- 
wise identical to the scales already discussed. A 
typical reading of 1.585 inches is shown in 
figure 90. A 1- to 2-inch extension rod is in- 
stalled in the tool so that the first measurement 
available is 1 inch. Number 6 is the lowest 
visible number of the major graduations; the 
next number to be read must lie between 5 and 
6. The partial dimension reading now totals 
1.500 inches. Three minor graduations on the 
barrel arp^completely covered. This brings the 
total reading to 1.575 inches. The reading on 
the thimble (0.010) is added directly to the 
figure computed to this point. Now this brings 
tnb^complete reading to 1.585 inches. 

17-17. The above reading can be obtained 
^y a slightly different method. Again refer to 
figure 90 . The procedure involves the addition 
of the value of the extension rod (1.000 inch) 
to the lowest visible tiumbered graduation on 
the barrel (0.600-inch). Then subtract the 
minor graduations (0.000-inch), plus the 
amount the thimble was short of a complete 
revolution (0.015-inch). Thus, 1.600 inches 
less 0.015 inch gives a reading of 1.585 inches. 
This is the same reading obtained by the other 
method of reading the depth micrometer. 

17-18. Special measuring tools, such as 
micrometers, are used to make precision 
measurements. Needless to say, they must be 
treated with care. Merely dropping a 
micrometer can affect its accuracy and make it 
useless. Other handtools, although not as 
delicate as micrometers, also must be treated 
with care, such as keeping them clean, oiled, 
and properly stored. It is often said, "A 
mechanicals only as good as his tools." Only by 
having good tools and using them for their in- 
tended purpose can you do quality main- 
tenance. ^ 
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18. Metals and Corrosion Control 

18-1 . Corrosion control and treatment are of 
major importance to all aircraft pneudraulic 
systems mechanics. Corrosion reduces the , ef- 
fectiveness of the aircraft weapon system. 
Corrosion is costly, because it shortens the 
useful life of equipment. 

18-2. Scheduled inspections are essential for 
early detection and correction of corrosion. 
Prevejitive maintenance lessens the total 
amount of labor used* and expense required in 
corrosion control. Preventive maintenance will 
insure that corrosion does not keep a system 
from doing its job. 

18-3. Most metals are subject to corrosion. 
However, corrosion can be lessened by the use 
of corrosion-resistant protective finishes. 
Although your equipment has a protective 
coating, accumulated soil, salts, indt^strial 
fumes, and moisture will cause this coating to 
break dawn. This allows corrosion to set in. 

18-4. Corrosion. Corrosion can be defined 
as the deterioration of a metal by reaction to its 
environment. Corrosion occurs because of the 
tendency of most metals to return to their 
natural state. An example of this is iron in. the 
presence of moist air. The iron will revert^ its 
natural state: iron oxide or rust. Metals corrode 
(oxidize) by the direct chemical or elec- 
trochemical reaction with their environment. 

18-5. Refer to figure 9 1 to better understand 
the causes of 'the most common type of 
corrosion. Let's consider what happens in elec- 
tro-chemical reaction (corrosion). // can be 
liki^ned to the actjon that takes place in a tiny 



battery cell. Four conditions must exist before 
electro-chemrical corrosion can occur: 

• There must be a metal that corrodes and 
acts as the anode. 

• There must be a less corrodible metal that 
acts as the cathode. 

• There must be a continuous liquid path 
between the two metals, which acts as the 
electrolyte. This is usually condensate and 
salt or other contaminations. 

• There rrtust be a conductor to carry the 
flow of electrons ^from the cathode to the 
anode. This conductor is usiiSUy in a form 
that provides for metal -to-metal contact 
(rivets, bolts, welds, etc.). 

18-6. The elimination of any one of the 
conditions will automatically stop corroi. 
As an example, you can apply an organic fiT5 
(paint, oil, grease, plastic, etc.) to the surface of 
the metal. This prevents the electrolyte from 
connecting the cathode to the anode, and the 
current cannot flow; therefore, no corrosion 
can occur. 

1 8-7; At normal atmospheric temperatures, 
metals do not corrode much without moisture; 
but, moisture in the air is usually enough to 
start action. Oxygen is also usually needed for 
corrosion to take place with moisture at room 
temperature. Some of the otHer factors that af- 
fect a metal's tendency to corrode are as 
follows: 

• Acidity or alkalinity bf the electrolytic 
„ moisture. 

• Stability of the corrosion products. 




Figure 90. Reading a depth micrometer inches). 
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• Biological organisms, particularly 
anerobic (can live without air) bacteria. 

• Variation in composition of the 
corrodible metal. 

• Temperatures. 

18-8. The initial rate of corrosion is usually 
quite high and then it slows down. This is 
because the oxide film that forms on a metal 
surface tends to protect the metal underneath. 
The oxide is an end product of corrosion and 
has little tendency to change. Therefore, it is 
more stable than the metal underneath and 
shields it somewhat. 

18-9. When items made of different metals 
must perform under varied climatic conditions, 
corrosion becomes a problem. The presence of 
salts on metal surfaces (from sea coast 
operations, for example) greatly increases the 
electrical conductivity of any moisture present. 
This speeds up corrosion. 

18-10. Moisture tends to collect on dirt par- 
ticles. Keeping surfaces clean on passive (less 
corrodible) metal or alloy components is of 
great importance. It is often more important 
than on plain carbon steel or copper base alloy 
ones. Some metals are relatively passive by 
nature. More active ones can be made passive 
by chemical treatment as by coating with ^ rust 
inhibitor. Others develop passiveness because 
of environmental conditions. For instance, 
aluminum develops a protective film of 
aluminum oxide. Sometimes large surfaces of a 
passive metal contain small specks of a more 
active metal or spots where the passiveness was 
less complete. These points can easily become 



anodes with the large passive areas the cathode. 
They, then, become the focal jpoints for 
*^ corrosion in the presence of oxygen and 
moisture, and pitting is the result. C 

18-11. A similar action takes place in 
crevices formed between surfaces of identical 
passive metal. Examples of such crevices are at 
lap joints, around rivets, bolts, and screws, at 
threaded connections, or around spot welds. 
Because of small areas the concentration^of 
oxygen is less in these crevices and cracks. This 
results in a more active condition in the crevice 
known as an oxygen cell. As a result, in the 
presence of moisture, these crevices become 
highly susceptible to accelerated corrosion. 
This is especially true if the moisture is con- 
taminated. For these reasigfns, cleanliness must 
bje maintained and corrosion preventive 
rpeasurcs observed even on corrosion resistant 
metals. 

18-12. So far we have discussed elec- 
trochemical corrosion that occurs between 
metals of unlike chemical activity. We also 
discussed where it occurs in areas of unlike 
'chemical activity (dry and wet) on a single 
metal. In the last sentence of paragraph 18-4. 
results of a direct chemical reaction on a metal. 
Basically, it can" be said the two processes are 
essentially the same. The main difference is that 
in Jhe case of electrochemical corrosion, the 
anode and cathode reactions take place at the 
same point. An examj^le of dirett corrosion is 
the action of an acid on metal. 

18-13. Some areas of our systems are sub- 
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Figure 91. Condition tor electrochemical corrosiim. 
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jected to more corrosive substances than others; 
the possibility of corrosion varies accordingly. 
Also, because of these varying conditions, the 
necessary control measures will vary. Nearly all 
corrosive attacks start on the surface of metal 
exposed to corrosive conditions. If allowed to 
progress, corrosion works down into the core 
of the material. Since corrosion never starts in 
thd core, there is always evidence on tjie surface 
when an attack is in progress. 

18-14. Corrosion has been cataloged aod 
typed in many ways. For descripcive purposes, 
let us discuss it 'under the most commonly ac- 
cepted titles. 

18-15. Uniform etch corrosion. The surface 
effect produced by most direct chemical attacks 
(as by an acid) is a uniform etching of the 
metal. On a polished surface this type of 
corrosion is first seen as a general-dulling of the 
surface. If such corrosion is allowed to con- 
tinue, the surface becomes rough and, possibly, 
frosted in appearance. 

18-16. Pitting corrosion. The most common 
effect of corrosion on aluminum and 
magnesium alloy parts is called pitting. It is 
first noticeable as a white or gray powdery 
deposit, similar to dust, which blotches the sur- 
face. When the deposil^ cleaned away, tiny 
pits or holes can be seon in the surface. Pitting 
corrosion nray also ojccur in other types of 
metal alloys. 

18-17. Intergranular corrosion. This 
corrosion attacks the grain boundaries of a 
material. A highly magnified cross-section of 
any commercial alloy shows the granular struc- 
ture of the metal. This structure consists of 
quantities of individual grains. Each of these 
tiny grains has a clearly defined boundary that 
differs chemically from the metal within the 
grain center. The adjacent grains of different 
elements can react with each other as anode 
and cathode when in contact with an elec- 
trolyte. This conductive arrangement causes 
corrosion at the grain boundary. Such 
corrosion destroys the solidity of the mateji^. 

18-18. Exfoliation corrosion. Exfoliation is 
a form of*1lj|tergranular corrosion. The surface 
becomes flaky. It shows itself by "lifting up" the 
surface grains of a metal by the force of ex- 
panding corrosion occurring at the grain boun- 
daries just below the surface. This sometimes 
looks like paint blisters on a freshly painted 
surface. This is firm visible evidence of in- 
tergranular corrosion. This type of corrosion is 
most often seen on extruded sections. There 
the grain thicknesses are usually less than in 
rolled alloy form. Most of this type of 
corrosion is found on aluminum alloy ducting. 

18-19. Galvanic corrosion. Galvanic 
corrosion occurs when dissimilar medals are in 



contact. The contacting of these unlike metals 
provides an external circuit by the presence of a 
buildup of corrosion between these metals; for 
example, when aluminum components are at- 
, tached with steel bolts or screws. 

18-20. Concentration cell corrosion. Con- 
centration cell corrosion occurs when two or 
more areas of a single metal surface are' iti con- 
tact with different concentrations of the same 
solution: moist air, water, chemicals, etc. Th^ 
three general types of concentration cell 
corro^sion are metal ion concentration cells, 
oxygen concentration cells, and active-passive 
cells: TO 1—1—2. Corrosion Control and Treat- 
ment for Aerospace Equipment, gives a detailed 
explanation of these types. 

18-21 . Stress corrosion cracking. This 
corrosion is caused by the simultaneous effects 
of tensile stress and corrosion. Stress may be in- 
ternal or applied. Internal stresses are 
produced by nonuniform shaping during cold 
working of the metal. These stresses are also 
created by press and shrink fitting general hard- 
ware. Stresses induced when a piece is defor- 
med and stresses in rivets and bolts are internal 
stress. These items can crack because of in- 
ternal stresses and are aggravated by corrosion. 
This cracking is called stress corrosion 
cracking. ' 

1,8-22. Fatigue corrosion. Fatigue corrosion 
is a special case of stress corrosion caused by 
the combrned effects of cyclic stress and 
corrosion. An example of this kind of 
corrosion is unprotected engine bleed air ducts 
that are exposed to moisture. They are held in 
such a way that thermal expansion causes 
repeated twisting of the duct. This creates metal 
fatigue or crystallization cracks in which 
corrosion starts. ^ 
^18-23. Corrosion Inspection. Without 
^^per and systematically performed in- 
spections and maintenance, corrosiorT will 
seriously damage your systems and equipment. 
All equipment should be carefully inspected at 
each periodic inspection for signs of corrosion. 

18-24. Typical locations that should be 
closely inspected are as follows: 

a. Unpainted aluminum duct and component 
^ areas. 

b. Component and duct direct mating seams. 

c. Areas where moisture does not evaporate 
as rapidly as areas exposed to direct 
sUrtlight and air. 

d. Drain holes that may be clogged (water 
separator drain, etc.). 

e. Components and ducts underneath floor- 
boards. 

/ f;ii^ings, braces, and compound parts in- 
•^side the aircraft where foreign matter or 
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moisture may gather because of improper 
drainage outlets. 
g. Areas where dissimilar metals are in con- 
tact (including bolts, nuts, washers, and 
screws). 

A. Component or duct spotwelds. 
i. Hinges. 

/ Exhaust gas paths (heater exhausts). 

The above are but a few inspection/areas that 
^ould be checked closely. J 

18-25. Corrosion Removal adnTreatment. 

Part of your assigned duties may^e to inspect 
your systems or equipment for corrosion^ If you 
find corrosion in any area, removing the 
ccjrrosion and applying preventives are 
"musts." 

18-26. You may or may not be involved in 
corrosion removal and treatment. It depends on 
the directives and SOPs of your assigned base 
and unit. At present the Air Force has 



corrosion control specialists; but, since this 
AFSC is relatively new, some bases may not 
have these specialists. If this is the case, you 
will be called upon to handle your own system, 
component, and general equipment corrosion 
problems. 

18-27. When you need information on treat- 
ment of corrosion, refer to TO 1 — 1—2, 
Corrosion Control and Treatment for 
Aerospace Equipment, This technical order 
contains detailed information on corrosion 
removal procedures. It also tells how to apply 
corrosion preventives for the various types of 
metals used in aircraft. Methods, materials, and 
equipment used in preventive maintenance^ 
painting are also discussed. 

18-28. Inspections may show corrosion so 
severe that it requires the removal of the 
damaged component or part. For this, use the'* 
repair procedures as outlined in the specific— 3 
technical order for the aircraft. 
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J . WORKBOOK 

Pncudraulic Functions and Career Program 





This workbook places the materials you need where yon need them while you 
arc studying. In it, you will fin(irthe Study Reference Guide, the Chapter Review 
Exercises and their answers, and the Volume Review Exercise. You can easily 
compare textual references with chapter exercise items^without flipping pages 
back and forth in your tcxtO'^ou will not ijlisplace any one of these essential 
study materials. You will have a single reference pamphlet in the proper sequence 
for learning. 

These devices in your workbook arc autoinstructional aids. They take the* 
place of the teacher who would be directing your progress if you were in a 
classroom. The workbook puts these self-teachers into one booklet. If you will 
follow the study plan given m "Your Key to Career Development," which is 
in your course packet, you will be leading yourself by easily leaxned steps to 
mastery' of your text. 

If you have any questions which you cannot answer by referring to "your 
Key to Career Development" or your course material, use^ECI Form 17, "Student 
Request for Assistance," identify yourself and your inquiry fully and send it to 
ECl. . 

Keep the rest of this workbook in your files. Do not return any other part 
of it to ECI. ' . 
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STUDY REFERENCE GUIDE 
1 Lse thii Guide as a Study Aid It emphasizes all important study area: 

A '"""P''^' ^''^""'^ andlor Peviexv after Feedback on the Rau It- 

AMor each .tem nun.ber on your VRE is a three dig., number in pu.cath.M. fha numbtcor sr^^d-!^^^^^^^^ 
.u.de Nurnber n. this Study Reference Guide which shows you where the un.wer uMha. VRpTJ n 

^^^il h„^t r . booklet and locate the Guide Number for each item missed. Lis, these Guide Numbers 

Jn ! . ipp VT '"'^ '"'^""y ^•^^ ^«veied by these Guide Numbers ReJ^ew the 

enT,re VRE agam before you take the closed-book Course Examination ' 

3. Use the Guide ^orFoHo^.^.up after you complete the Course Examination. The CE results will be sen, to vou 
on a postcard which will indicate "Satisfactory" or ' Unsatisfactory" complefon T^e a^ w n " gZ ^ 
N^onbers relatmg to the questions missed. Locate the numbers in th7 Guide and draw a line und h G u de ^ 
Number, topic, and reference. Review these a«as to insure your mastery of the couri 



Guide 
Number 

Guide Numbers 100 throu^ 115 

100 Introduction to Air Force Organization and 
Career Program; Organization of the Air 
Force; Organization of Maintenance Activities; 
pages I -3 

101 Air Force Career Program; pages 3-7 

\ 

102 Introduction to Air Force Publications; Types 
of Air Force Publication; pages 8-12 

103 Air Force Technical Order System; pages 
12-28 



104 Introduction to Suppify Management and Se- 
curity; Responsibility for Public Property; 
pages 29-36 

105 Principles of Supply Authorization and Man- 
agement; Security System; pages 36-39 

106 Introduction to Good Housekeeping and Safe- 
ty Practices; Good Housekeeping; pages 
40-41 



Guide 
Number 



1 07 Safety Practices; pages 4 1 -48 

108 Introduction to Hydraulic Fluids and Plumb- 
ing Materials; Fluids;.pages 49-53 

109 Seals and Backup Rings; pages 53-57 V 

1 1 0 Fittings; pages 57-63 

111 Pneudraulic Hose; Safetying Devices; pages 
63-73 

112 Introduction to Maintenance Tools; Hand- 
tools: Screwdrivers; Hammers; Wrenches; 
pages 74-79 

1 1 3 Handtools: Files; Hacksaws; pages 79-82 
114^ Special Measuring Tools; pages 82-87 

1 1 5 Metals and Corrosion Control; pages 87-90 

\ 
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MODIFICATIONS 

if^aff^^oi'^ (o ^of this publication has (have) been deleted in 

adapting this material for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Ttchnical Education/' Deleted material involves extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 




CHAPTER 4 

Objective: To show a knowledge of good housekeeping, fire prevention, and safety practices. 

1. What causes most accidents? (Intro,-l-3; Fig. 19) 

2. What is the first rule of good housekeeping? Why? (9-2) 

3. List the classes of fires and give one or more examples of each. (9-14; Fig. 20) 

■ L 
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4. What color? are used fo^safety markings? (10-3) ^ 



5 What protection is provided for use against high-intemity| sound? (10- 1 1) 
6. What should every mechanic know about egress systems? (10-16-18: Fig. 21) 
list tlie potential danger areas involved in working around jet aircraft. (10-5,19) 



8, Before performing maintenance on power-actuated flight controls or bomb Jocirs, what should bo 
done? (10-19) 



9, Is it permissible to service an accumulator with oxygen? Explain^^j(40-2 

10. What must you wear while working in or around radioactive materials? (10-25, c.d) 



11. Why is off-duty activity considered more hazardous than a man's work area? (10-28,29) 

12. Which of the off-duty activities is considered to be the greatest threat? (10-30) 

13. What form is used for reporting a ground accident? (10-40) 

CHAPTER 5 

Objective: To demonstrate knowledge of the use of hydraulic fluids, seals, and fittings, and of manu- 
facturing pneudraulic hose and safetying components. 

1. What type of fluid must be used with synthetic rubber seals? (11-3) 



!. Explain how various types of fluid can be distinguished from each other. (11-3,5,10) 



3. If a cleaning solvent is not specified, what would be used on a unit in a petroleum base system? 
' (1M7) 



4. What is meant by fluid contamination? (11-19) 

5. Explain the difference between a packing and a gasket. (12-1) 

6. Explain how you wUl find the part number of a seal for a unit you are repairing when no 
technical order is available. (12-5) 



7 How are AN6290 or MS28778 gaskets identified? (12-9) ' 



8. Explain the difference between AN6227 packings and MS28775 packings. (12-17,18,19) 

9. Explain why MS flareless tube assemblies resist vibration loosening effects better than AN tube 
^ assemblies. (13-9) 



10. Explain the procedure for torquing MS flareless nuts. (13-16) 



11. When installing a universal fitting into a boss, what is the minimum arid maximum number of 
turns permitted with the fitting after the gasket is firrnly against the boss? (13-19) 



12. Explain the purpose of the yellow lettering on MlL-H-8794 and MIL-H-8788 hose. (14-5,6) 



13. What are the advantages t)f using Teflon hose? (14-9,) 
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14. What is the purpose of the clearance between the B nut and the socket on medium-pressure 
hose assemblies? (14*13) 



6f 

f 



15. Why are the nipple and inside of the hose lubricated? (14-13) 

1 

16. Why are the installation date and the date of hose manufacture etched on the sockets? (14-15) 

17. Why should Teflon hose be Wjapped with masking tape before cutting? (14-18) 



18. Why is it important that you do not turn the hose an excessive* amount in the high-pressure 
socket? (14-24) 



19. Explain how the clearance is maintained between the B nut and the hex of the nipple on the 
high-pressure hbse end fitting. (14-24) 

20, What is the time limitation for using rubber hose assemblies for airborne equipment? (14-30) 



21, In addition to using the correct size, what other very important rule should always be observed 
when safetying unit with cotter pins? (15-3) 



22, When you use safety wire, how should the wire be arranged between a part and the anchorage 
point? (15-8) 



CHAPTER 6 . . 

Objective: To demonstrate knowledge of the selection and use of common handtools and special 
measuring tools, 

1. What is the primJ^^ difference between a^mmon screwdriver and a Phillips screwdriver? 
(16-3; Fig, 71) 



ERIC 



11 



75 



2. Name three tools that a screwdriver is not supposed to replace. (16-4) 



3. How are hammers classified? (16-6) 



4. What precautions should you take when usmg a hammer on a machined or polished surface? (16-8) 



5. How are the sizes of pliers classified? (16-10) 
/ 



6 How are the sizes of open-end wrenches determined? (16-16) 



7, What is the best feature about box-end wrendhes? (16-22) 



8. What is the intended purpose of a crescent wrench? (16-26) 



9. WTiat is the advantage of a 6-pbint socket over a 12-point socket? (16-31) 



10. In which direction should you pull a breakaway type torque wrench? (16-35) 



11. Why aris Allen wrenches L-shaped? (16-38) 



12. What should flexible 'hacksaw blades be used to cut? (16-46) 



13. What is the value in thousandths of an inch of the numbered increments on the barrel of a 
micrometer? (17-4) 



14. What is the smallest increment on a micrometer that has no vernier scale? (17-5) 

12 
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CR£^ Figure 1, Reading a micrometer, 
13 
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27. In corrosion control, what two major items are essential to prevent excessive material and labor 
costs? (18-2), 



28. Briefly define corrosion. fl8-4) 

29. Describe briefly what conditions muit exist for electrochemical corrosion to set in. (18-5) 

30. How can corrosion be stopped or prevented? (18-6) 



31. Describe briefly at what point during the corrosion process that the rate of corrosion is the 
greatest. (18-8) 




32. Describe briefly where corrosion tirst starts. (18-13) 

33. Describe the surface appearance of a metal with uniform etch corrosion. (18-15) 

34. Describe briefly the appearance of pitting corrosion on nontreated aluminum alloy parts. (18-16) 

35. Describe briefly the activity of intergranular corrosion in an alloy. (1|^17) 

36. Describe briefly the physical characteristics of exfoUation corrosion. (18-18) 

37. Describe how concentration cell corrosion develops. (18-20) * ^ 

38. Describe briefly what causes stress corrosion. (18-21) 

r 

39. What causes fatigue corrosion? (18-22) 

78 
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40. 

( 18-23) 



Describe bnefly what specific measures you can perform to reduce the effect of corrosion. 



41, During an aircraft corrosion inspection you found a component beyond repair. What procedures 
^must ypu tbilow? (18-28) 



c 
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CHAPTER 4 

1. Unsafe acts of people; thoughtlessness. * 

w^h tlfi'IvTl'/f ' "^^^P^ ^=1"" has developed a habit 

which will very likely be carried over into all his actions. 

3. Class A - wood, paper, trash. Class B - gasoline, oU, paint. Class C - electr'ical. 

a'd^d'p'tuor'"'^' """^ ^ ^^""^^ °^ '^-^-^ -n'lugs for 



^' ™,LTf''™f n'"."""' ">= «8''S» >ysl=". saftly pins are in.,alled and u,e correct 

aTdra,t:rr;.,rr/°" '^^^ ""^^ '-'-^ - 

7. O) Engine intake'suction: (2) engine exhaust; (3) turbine wheel rotation; (4) high-intensity sound- 

ault^f"'""' ".'"i""^ ^""^'^ ^y^^^-^' anVcanTpv; 8 power 

actuated equipment, flight controls, bomb doors, etc. 

^' ^l"^,' Tnn M^ni'"' '^'"'"''^ ^y^*^'"' ^"'^'^ P"'""g the circuit breaker and tagging the 
control DO NOT OPERATE; installed safety locks; and depleted system pressure/ ^ 

9. No. Oxygen mixed with grease. oU, or flammable gases creates a highly explosive mixture: 

10. Protective cldthing and a film badge and/or a pocket dosimeter. 

1 1. Off duty is more hazardous than on duty because you are made aware of the dangers involved 

o T 't^':- °" ""'^^^ '^"-t-t -P^^^^ion and prepare yourself 

for the job. Off duty has- many unseen dangers apd no one to remind you of safety prac^es 

12. Driving an automobile is the greatest threat to life and limb. 

13. USAF Form 711 and 711a. Ground Accident/Incident Report. 



» CHAPTER 5 

1. Petroleum-base fluid requires the use of synthetic rubber, leather, or metal composition seals. 
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2. Petroleum-base fluid is red, vegetable-base fluid is blue, and synthetic-base fluid is a golden-amber 
color, ' • " 

3. PS-66L . .. 

4. Fluid contamination means that the system contains something pther than the hydraulic fluid 
normally used, such as improper fluid, water, metal, and dust. 

^ r 

5. A packing* is used as a seal between two moving parts, whereas a gasket acts as a seal between 
two stationary parts. 

6. You could measure the old seal I.D: and width then look it up in the applicabll^pecirication 
to obtain the dash number. • " 

* ^- ^ . . 

7. They have a blue stripe around the outside circumference. * ' 

8. The AN6227 packing has two or more dots and* is used in the temperature range of -65' F. to 
160* F. The MS28775 packing Ijas one blue dot, and its temperature ra^ge it -65* F. to 275' F. 

9. The flj^reless lube assemblies resist vibration loosening effects better because of the spring washer 
effect (bowed condition) of the MS flareiess sleeve. 

10. TGrn the nut with your fingers until a sharp.dse in torque is noted. Then, using a wrench, lighten 
1/16 to 1/3 turn more. ^ ' 

11. IH turns minimum; 2H' turils maximum. 

12. The lettering gives the specification number, size, quarter agd year of manufacture, plus the 5-digit , 
manufacturer's code number. In addition^ the yellowjettering indicates the natural lay of the hose. 

13. Teflon hose has a practically unlimited storage tinie, greater operating temperature range, and it can^ 
be used in more systems.* 

14. The clearance is required to allSw the nut to swivel freely. 

15. To allow the nipple to slide into the inner tube and prevent cutting or bulging as it goes in. ^ 

16. These provide a positive date for replacement. 

17. To prevent a flare-out or separation of the wire bfaid. » 

18. Because this will grind away material from -the buttresses inside^ the socket. 

19. The wire retainer .maintains the cle^^e between the B nut and nipple hex. 

20. The time limitation is 16 quarters (4 years) calculated from the date of manufacture stenciled on 
the hose. 

21. Never reuse 3 cotter pin, * " 

22. It should oppose any loosening of the part. 

» J 
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CHAPTER 6 X 

1. The common screwdriver has a straight point, whereas the Phillips screwdriver has a cross point. 

2. Chisel, pry bar, and punch. 

3. They are classified according to the weight of the head without the handle. 

4. Always protect the surfaces with a piece of soft brass, copper, lead, or hardwood. 

5. According to the length of the handles. 

6. By measuring the openings between the jaws. 

7. They can be used in close quarters. 

8. It is primarily used when an odd-size nut or bolt is encountered. It is not intended to take the 
place of standard open-end, box-end, or socket wrenches. 

9. Jhe 6-point socket holds the nut better, allowing less wear because of a better holding surface. 

10. Always pull the wrench in a clockwise direction, with a smooth and steady motion. 

1 1 . Allen wrenches are L-shaped to permit their use for a long or short dist^ce. 

12. A flexible hacksaw blade is used for sawing hollow shapes an^ metals of light cross section. 



13. 0.100 inch. 

14. 0.001 inch. 

15. 0.364 inch. 

16. 0.342 inch. 

17. 0.291 inch.' 

18. 0.282 inch. 

19. 0.250 inch. 

20. 0.159 inch. 

21. 0.125 ipch. 

22. 0.107' inch. 

23. 0.114 inch. 

24. 0.077 inch. 
25^ 0.091 inch.. 
26.' ».086 .inch. 

^ 22 
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27. In dealing with corrosioiK to prevent excessive material and labor costs, it is necessary to establish 
realistic and timely inspection and preventive maintenance measures. 

28. Corrosion i& the deterioration of metals by reaction to their environment. 

29. Electrochemical corrosion will set in when there is an anode, cathode, electrolyte, and path for 
the electron flow. % 

30. Corrosion can be stopped or prevented by eliminating any one of the four conditions that allow 
* it to start or continue. 

31. The rate of corrosion is greatest at the beginning. 

32. Almost all corrosion starts on the surface. 

33. Uniform etch corrosion is always first seen as a general dulling of the metal's surface. 

34. Pitting corrosion appears on aluminum parts as spots of white or gray powdery deposits. 

35. Intergranular corrosion acts upon the grain boundary between the alloy grains. This form of 
selective corrosion destroys the solidity of the material. 

36. Exfoliation corrosion appears as a lifting up of the metal's surface like paint blisters. 

37. Concentration cell corrosion develops when^ metal is subjected to two or more different 
concentrations of corrosive solutions. 

38. Tensile stress and corrosion cause stress corrosion. 

39. Cyclic stress and cprrosion cause fatigue corrosion. 

If 

40. Timely and systematically performed inspections and maintenance will greatly <reduce the 
corrosion damage. 

41. If a component is found corroded beyond repair, it must be handled as outlined in the aircraft 
—3 Technical Order. *' 
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L MATCH ANSWER ZUSE NUMBER 1 
fiTHD SHEET TO THIS PENCIL. 

dIUP- EXERCIS-ENUM. 
BER. 



42152 01 26 

VOLUME REVIEW £XERCISE 



Carefully read the following: 
DO'S: . 

1. Check the "course," ''volume/' and "form" numbers from the answer sheet 
address tab against the 'VRE answer sheet identification number" in the 
nghthand column of the shipping list. If numbers da not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note 'of explanation. . 

2. Note that numerical sequence on answer sheet alternates across from column 
to column. 

3. Use only medium sharp #1 'black lead pencU for marking answer sheet 

4. Use a clean eraser for any answer sheet changes, keeping erasures to a minimum.' 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. ff mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If volunlarily enrolled student, send questions or comments to ECI on ECI 
Form 17. . 

DON'TS: 

1 . Don't use answer sheets other than one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
\ marks or excessive markings which overflow marking blocks will register as 

errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than with a #1 black lead pencil. 

NOTE: The i-digit number in parenthesis immediately following each item num- 
ber in this Volume Review Exercise represents a Guide Number in the 
Study Reference Guide which in turn indicates the area of the text where 
the answer to that item can be found. For proper use of these Guide 
Numbers in assisting^ ^u with your Volume Review Exercise, read care- 
fully the instructions in the heading of the Study Reference Guide. 
«• • » ' 
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Multiple Choice 



Note: The first three items in this exercise are based on instructions that were included with your 
course materials. The correctness or incorrectness of your answejrs to these items will be reflected in 
your total score. There arc no Study Reference Guide subjectrarea numbers for these first three items. 

1. The form number of this VRE must match 

a. my course number. 

b. the number of the Shipping List. 

c. the fomi number on the answer sheet. 
^ d. my course volume number. 

2. So that the electronic scanner can properly score my answer sheet, 1 mSist mark my answers 
with a 




a. pen with blue ink. c. ball point or liquid-lead pen. 

b. number I black lead pencil. d. pen with black ink. 

3. If 1 tape, staple or mutilate my answer sheet; or if I do not cleanly erase when I make changes 
on the sheet; or if I write over the numbers and symbols along the top margin of the sheet, 

a. 1 will receive a new answer sheet. # ^ 

b. my answer sheet will be hand-graded. . 

c. I will be required to retake the VRE. ) 

d. my answer sheet will be unscored or scored incorrectly. 
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' MODIFICATIONS * 

of this publication has (have) been deleted in 
adapting this material for inclusion ^n the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Tt»chnical Education." Deleted material involves extensive use of 
military forms, procedures, systeins, etc. and was not considered appropriate 
for use In vocational and technical education. 
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^ ' fchapter4v 

47. (106) The factor that causes most accidents is 

a. ignorance of rules. c. hazardous equipment. 

b. mechanical failure. d. acts of carelessness. 

48. (106) What is the first rule of good housekeeping? 

a. Clean work area. c. Personal cleanliness. 

b. Good ventilation. d. Fire prevention system. 

49. (106) Prior to performing maintenance on an aircraft, 

a. the bomb bay doors must be open. 

b. check that static ground wires are properly connected. 

c. check that there is power applied to the aircraft. 

d. make sure that you know how to get in touch with the base fire department. 

50. (1:06) Refer to figure 20 of the text. Which of the common types of fire extinguishing agents 
most harmful to a person's skin or eyes? 

a. Foam. c. Carbon dioxide. ' 

b. S^a acid. ' d. Chlorobromomethane. 
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51 (107) The red band painted around the fuselage and jet engine nacelle on an aircraft indicates 
the location of the 



a. engine exhaust outlet. 

b. engine air inlet zone. 



c. turbine wheel danger zone. 

d. fire access doors. 



^2. (107) The most common symptom of noise fatigue is 



a. a severe rash. 

b. extreme elation. 

>3. (107) Safety pins for ejection seals are installed 



c. sleepiness. 

d. emotional irritability. 



a immediately after flight, 
b. by egress personnel. 



c. before flight. 

d. with red and bliie streamers, attached. 



54. (107) Before operating power-actuated control surfaces on an aircraft, be sure thai the 

a. ground safety" locks have been removed. ^ 

b. system pressure is normal and adequate. 

c. areas not being worked on have been properly covered, 
d area is clear of personnel and equipment. 

55. (107) It has been estimated that the intestines can be ruptured by what amount of air pressure? 



a. 2 psi. 

b. 4 psi.^ 



c. 6 psi. 
' d. 8 psi. 



r3 



56. (101) fox identification of cadioactive material, the AFTO 9 series forms are used. They are yellow 
with a 



a. red warning symbol, 
b blue warning symbol. 



1 . 



c. black warning symbol. 
. d. magneta warning symbol. 

57. (107) Before using woodworking Machines in a hobby shop, one should particularly seek informa- 
tion about , £^ ' ^ " 

a. drill press operation. 
- b. the hobby shop's SOPs. • ' • 

c. use of wood lathes and associated tools. 

d. powersaws, both bench mounted and portable. 

58. (107) Supervisors are required to fill out an accident report 

a. on disabling injuries or property damage of S25 or more. * 

b. only on injuries inflicted by AF materials and equipment. 

c. within 12 hours after the accident. 

d. when injuries result in broken skin no matter how minoA 
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Chapter 5 



59. (108) Why is hydraulic fluid MiL-H-S^06 dyed red? 

a. Adds life to the fluid. 

b. For easy identincation. 

c. To identify the amount spilled. 

d. Increases the temperature range of the fluid. 

60. (108) When a complete hydraulic systeip which uses a petroleum-base fluid is prepared for storage, 
the operator should Tirst drain 

a. the system completely and then flush all units with MIL-H-6083. 

b. the system completely and then flush the system with MlL-H-3606. 

c. the system completely and then flush the system with denatured alcohol. 

d. and inspect a sample of fluid from the lowest point in the system* ' ^ 

61. (108) The major disadvantage of synthetic-base fluids is that 

a. it must be thinned with a wet nitrogen charge. 

b. it deteriorates the seals. 

c. its temperature range is very low. 

d. it is suscepta^ to moisture contamination. # 

62. (108) Some of the more frequent causes external contamination of a hydraulic system are 
^a. broken lines and'normal pump wear. 

b. lines uncapped and installing contaminated units. ^ 

c. filters being used too long and seals deteriorating. ' 

d. draining unit to drip point and plugging all ports. 

63. (109) A typical place where a gasket would be used in a hydraulic system is 

a. in valve Tittings. c. in brak^ asserfibly pistons. 

b. on pump drive shafts. d. in actuating cylinder pistqns. ' 

64. (109) The AN901 standard gasket is normallysiis/d with 

a. unions. c. universal elbows. 

b. end caps. ' d. pipe thread fittings. — ^ 

65. (109) Which type of Teflon backup ring used in the hydraulic system is shaped like a 

a: AN6290. ^ c. MS28782. ^ . * * 

b. AN6291. ""V^ ^ d. MS28777. 

66. (109) A high operating temperature seal (maximum +275* F.) used in hydraulic and pneumatic 
systems can best be identified by a ^ 

a. blue dot. c. blue stripe. 

b. white dash. f ' ^ d. white star. 
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a. H lum. 0 . , , 

u 1/ • ' turn. 

0. % turn. ' ^ iiz . ^ 

d. Ili turns. 

76. (Ill) The type ,f hose that is virtually exempt from storage iL limita't.or.s is made of 

a. Teflon. « * . . i 

. , , c. synthetic rubber. • 

0. natural rubber. ^ i- ui . . 

d. phable rubber. 

a. an oil can. j 
u o J . c. open-end wrenches. 

. b. a standard v.se. d. an electric needle. 

78. nil) According to the text, the first step in fabrication of medium-pressure rubber hose assemblies 

a. reuse all medium-pressure fittings if serviceable without exception 

b. be Jure to reuse all serviceable hose. 

c. select the proper size bulk hose., 

d. cut the hose squarely and to the required length. 

plindpSjy^o''"''""" a rnedium^essufe hose assembly, a heavy plastic cover is used 

a. aUow inspection. cleanliness. ^ 

b. protect the. operator. ■ d. protect the equipment. " • 

"" '"^Jl^l^ItZ^'' of medium-pressure hose assemblies, the month and 

a. etched on one flat surface of each end-fitting socket. 
/ . b. stenciled on the upper end of the assembly. • ' 

c. taped on a color-code stripe on the hose assembly. 

d. on a tag attached to the assembly. 

y 

81. (11 1) Which of the following hoses does not require mandrels for hand assembly? 

a. High-pressure Teflon. . cMedium-pressure rubber. 

b. Medium-pressure-Teflon. . d. High-pressure rubber. 



lislmbfJTf ?iv?'* ^"Z should, blow out the inside of the Teflon hose 

assembly of any foreign matter by using 

a. medium pressure -yon a water hose. 

b. 'a solution of trichloroethylene. 

c. dry, pompressed air. * . 

d. a mild soda solution and a soft wire 'brush. . 
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67. (109) Backup rings are unnecessary in a hydrauUc system when the operating pressure does not 
exceed n 






a. ISOOpst ' 'rn^"- 

b. 1600 psi. ^- 2000 






68. (109) The maximum storage life of any packing or-gasket is 






a. 2 years. * c 4 years. 

b. 3 years. " d. 5 years. 






,69, (110) A blue-colored fitting is usually an 






a. AN steel fitting. ^' AN aluminum fitting. 

b. - MS steel fitting. MS aluminum fittmg. 






70. (110) The use of antiseize compound on pipe thread fittings should 






a. prevent high-pressure, leakage. ^ 

b. eliminate bimetallic corrosion. 

c. be preceded by thread cleaning. 

d. reduce the need for frequent inspection. 






71. (1 10) Antiseize thread compound is used on 






a. flarelcss. fittings orUy. ' c. flared tube fittinp orUy.- 

b. pipe thread fittings orUy. d. all types of f.tfangs. 






72. (110) MS flareless fittings use how many types of i)uts and sleeves? 






a. Three older types of nuts only. 

b. Three new types. ^ 

c. Two types only. 

d. .Any of the four common types. t 






71 niO) When presetting a Hareless fitting assembly, the nut should be slowly screwed onto the tool 
unt^re "tSrX of the sleeve grips the tubing sufficiently to prevent rotating the tube with 
the fingers. The nut should then be tightened an additional 






a. 1 full turn. " <=• 

b. 1 1/6 turns. d. \% turns. 






74. (110) Overtightening a leaking MS flareless fitting will 






a. result in a permanently sealed joint. 

b. squeeze -out all usable lubricant from the threads. 

c. necessitate the use of thread compound for removal. 

d. deform the sleeve or tube and cause additional leaks. 
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83. (Ill) A special precaution that must be adhered to for cleaning egress hose assemblies when 
hydrauli^ fluid has been used for proof test is to 

a. flush the hose assemblies at least twice with trichloroethyleite. 

b. use a strong detergent, flush with clear water, and allow to dry in a wann, closed place. 

c. use dry, compressed air only. i0i 

^ d. flush the hose assemblies thoroughly with alcohol and allow fluid lo evaporate. 

84. (Ill) When any portion of the metal reinforcement on MlL-H-8794 or MlL-H-8788 hose 
assemblies is exposed or damaged, the repairman should as a safety precaution 

a. replace the hose. ^' 

b. replace the outer covers. 

c. reenforce the exposed portion with tape. 

d. cover the exposed portion with a rubber coating. 

85. (Ill) The maximum number of years synthetic rubber hose used on airborne equipment may be 
stored is 

a. 2. c. 4. 

b. 3. d. 5. 

86. (Ill) The two most commonly used safety devices on hydraulic units are 

a. locknuts and lockrings. 

b. ^fety wire and cotter pins. * r 

c. lockrings and safety wire^ 

d. cotter pins and locknuts. ^ 



/ 
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^ Giapter 6 

87. (112) One o/ the most important things to remember when using handtools is 



a. the composition or material the tool is made of. 

b. to generally use a tool one size larger than needed. / 

c. to use a substitute tool if it will save time and movement. 

d. to use each "tool only for its conect purpose. 

, ■ / 

88. (112) One' of the most common hammers used by the Air Force /bechanic is 

/ 

/ ^ 

a. a ball ^een. c. the claw hammer. 

b. a wood mallet. d. the brass sledge. 

89. (112) Why are the jaws of a wrench usually slightly larger tha^ne size labeled on the jaw? 

a. To make the fitting of twp size nuts possible. 

b. To allow for^expansion of the nut as it is tightened. 

c. To make ft easier to slip the wrench on and off the nut. 
' d. To prevent overtorquing sipce the wrench will slip first. 
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90. (112) One advantage of a 12-point over a 6-point wrench is 4iat 



a. it improves the wear capability of the wrench. 

b. it allows use of the wrench with a minimum amount of travel. 

c. there is little or no chance for the hand to slip off the wrench. 

d. this allows more torque to be applied to the nut. 

91. (112) The Crescent wrench is primarfly intended to be used with 

a. standard boltheads and nuti. 

b. bolts and nuts requiring additional tightening. 

c. hexnuts. 

d. odd-sized nuts or bolts. 



92. (112) An adjustable jaw Crescent wrench is properly used when 

a. the handle is piished away from you. - « 

b. the handle is pulled away from the jaw. 

c. a pipe or extension is added to gain leverage. 

d. the pulling force is applied to the stationary jaw side. ' . 

93. (112) You would use a torque wrench to 

^ a. hold nuts and hose clamps in place. 

b. measure the force of pull when tightening nuts. 

c. provide a rapid way of attaching hose clamps. 

d. measure the torque produced by a hydraulic motor. 

94. (112) How often should a torque wrench be tested? 

a. It should be tested quarterly. ^ 

b. The wrench should be checked once a year. ^."^ 

c. It should be tested only when it is abtised. 

d. A torque wrench should be tested every 30 days. ^ 

95. (113) Which statement listed oelow concerning a file would you say is correct? 

a. Never drag tjie file backward. 

b. Never oil a file as it will cause it' to load. » 

c. Use a double-cut file when cutting in both directions. 

d. Allow the file to load as it causes it to be smoother. 

96. (113) Brass stock is best cut with a hacksaw which has > 

a. a well-tightened, long blade. 

b. a flexible blade. 

c. an all-hard blade. % 

d. a fine-tooth blade. , ^ 



97. (114) The thickness gage is used to 

a. measure clearance between objects. 

b. measure the tmocness of an item. 



c. compare threads of nuts and bolts. 

d. measure the outside diameter of a tube. 
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98. (114) When using an outside micrometer, ^ , 

if-* 

a. th^ micrometer should be tightened enough to hold its own weight. 

b. e^Ji complete revolution of the thimble will move the spindle 0.025 inch. ♦ 

c. the object to be measured is placed squarely between the face and the spindle. 

d. each major graduation on the barrel is equivalent to one revolution of the thimble. 

99. (114) Which reading listed below iS' correct for a micrometer marked **l-2," if you assume that 
the thimble is positioned so that only the first three graduations to the right of the numeral 1 o 
the barrel are fully uncovered and that the ninth graduation on the thimble is alined with the 
revolution line? 

a. O.f^jnch. c. 2.184 inches. • 

b. 1.184 inches. d. 3.184 inches. 

100. (114) What is one of the greatest abuses in using a micrometer? 

a. Overtightening the thimble. 4f 

b. Using it to measure outside diameters. ^ 

c. Leaving the micrometer with the lock on. 

d. Using the ratchet assembly when tightening the spindle. 




101. (114) What should we use to measure the depth of a hole? 

a.lFeeler gage. c. Depth micrometer. 

Thickness, gage. d. Inside micrometer. 

102. (115) You can generally define corrosion as the 

a. breakdown action of the protective finish. 

b. direct chemical reaction of a metal to chemicals. 

c. deterioration of a metal by reaction to its environment. 

d. tendency of a metal to break down in the^ presence, of moisture and salt. 

103. (115) It is estimated that the rate of metal corrosion is usually quite high 



t 



a. during its final stages. 

b. in its beginning stage. 

c. from 48 to 72 hours after it sets m. 

d. and equally intense during the whole process. < 

104. (115) Uniform etch corrosion is usually /irs/ noticed as a 

a. slick feel to the metal surface. 

b. blistering Hke that of painted surface. ' ^ 

c. bluish frosting over all the metal surface. 

d. general dulling 'of the nrietal surface. 

105. (115) Which of the following types of corrosion "lifts up" the metal surfaces? 

a. Pitting. c. Exfoliation. 

b. Galvanic. d. Intergranular. 
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106. (115) Which of the following technical orders covers corrosion pontrol? 

a. TO 1-1-1 ^ c. TO 1-2^1. 

b. TO 1--1-4. d. TO 1-1^12. 

107. (115) All i^etal components of your systems should be inspected for corrosion 

a. at eveiy postflight. 

b. at each periodic inspection. 

c. eveiy 500 flying hours. 

d. whenever maintenance is performed. 
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THIS SECOND. volume of CDC 42152, Aircraft Pneudratdic Repairmwt con- 
tains six chapters. The first chapter intro^iuces you^U) Basic hydraulic prin- 
ciples, terms, laws, and imechanical advantage. It "presents a basic hydraulic 
system. The next chaplei/examines components of the power supply section of a 
hydraulic systeb^ The third chapter discusses pressure-regulating, limiting and 
controlling devils. In the fourth -chapter, you will learn aboyt flow control 
land flow directing^inits. Landing gear components are the subject of Chapter 5, 
while Chapter 6 gow^into brake system components. 

When you have finished this wlume, you will have a mastery of the con- 
struction, operation, and maintenance of all representative hydraulic units. 
You will be well prepared to on to Volume 3 which takes these unhs and 
combines them into operating systems. , 

If you have questions on the accuracy or currency of the subject matter of this 
text, or recommendations for/ts improvement, send them to Tech Tng Ccn 
(TTOC), Chanute AFB, ILL 61868. > 

If you have questions on course enrollment or administration, or on any of 
ECrs instructional aids (Your. Key to Career Development, Study Reference 
Guides, Chapter R.evi'bw Exercises, Volume Review -Exercise, and Course 
Examination), consult ^our education officer, training officer, or NCO, as ap- 
propriate. If he can't answer your questions, send them to ECI, Gunter AFB, 
Alabama 361 18,jpreferably on ECI Form 17, Student Request for Assistance. 

This volume v% valued at 27 hours (9 points). 

Material in this volume is .technically accurate, adequate, and current as of 
December 1971! " . 
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Pneudraulic Terms 



YEARS AGO, MAN found that the force ot 
moving water could do great damage. However, 
he also learned that if he controlled this force, 
he coufd make it work for him. For instance, he 
used waterwheels— dams, flumes, and pipes to 
pressurize and carry ^yater to fountains. Such 
devices helped cool and irfvgate gardens. These 
ancient people used the principles of 
hydraulics; they knew how to Use the force of 
confined water under pressure. The ancient 
Greeks, who probably were no smarter than- 
some other ancient people, termed these prin- 
ciples hydraulics — their words for water and 
tybe. Although we use oil instead bt water, we 
still call the science hydraulics. 

2. Hydraulics is the branch of physics 
dealing \yith the mechanical properties of 
liquids and the applicatian of ^hese properties 
in engineering. Everytime you open a water 
faucet, hydraulic force causes water to, come 
out. You may be on a hilltop and the other end ^ 
of the pipe in a valley miles away. Yet the water 
forced into the pipe under pressure in the valley 
will flow from your faucet on the hill. Too, the * 
poweir steering in your car and the foot brake 
us.e the same form of hydraulics as do our most 
modern aircraft. Did you ever put a hydraulic 
jack under the axle of your car to change the 
wheel? The^same type hydraulic jack is used to 
rai^e the axle of a B— S2. 

3. This volume is about hydraulic principles 
and how such principles are applied in order to 
transmit force! in aircraft. It is also about the 
many different kinds of mechanical units that 
transmit this force. You will learn "afe^^ the 
devices that apply the force to the liquid en- 
closed in the system. (You will also learn about 
the units that reflate, control, and direct the 
liquid flow or force. Finally, the components 
that convert the hydraulic power back^ into 
mechanical po^er at ^a distant pbint are 
covered. In the next section, we will discuss 
some mechanical properties of liquids, which 
make hydraulic systems better fq^r traristiritting ' 
force, in miany cases, than electricity or 
mechanical linkages. 



1. Basic Hydraulic Principles 

I -J. How do we describe hydraulics as we 
«apply it to aircraft? U is a method of tran- 
smitting engine power to distant points in the 
aircraft. The force is carried by a liquid con- 
fined in a system tubes. To Understand this, 
you mus\ understandi certain meq|anical 
i:haracteristics of liquids. Yoa also must know 
the difference between liquids and fluids. The 
dictionary defines a fluid as'something that is 
not a solid. It fi^the^>d^fines a fluid as any sub- 
stance that can flo^, be it liquid or gas. In con^ 
trast, a liquid is defined as something that 
flows, but, unlike a gas, it does not expand in- 
definitely to fill the container, A liquid nor- 
mally has a definite and level top surface. In 
addition to these facts, you^ must be aware of 
. three physical laws which deal with liquids. 

1-2. Incompressibility. For all practical^ 
purposes, liquids .are considered to be in- 
compressible. Under even extremely h'lgH 
pressures a liquid can be compressed only^n 
extremely small amount. We norm^y 
disregard it. How does incon'ipressibility of a 
liquid benefit us? An example is the brakes on 
your car. When you depress the brake pedal the 
brakes- are applied instantly, because no time is 
lost in compressing the liquid. Think of how 
long a stroke you would need ^if the master 
cylinder contained air. 

1-3 Expansion. Liquids will expand and 
cori^ract with their temperatures. Wheaa liquid 
in a closed container is heated, the liquid ex- 
bands and exerts pressure 'on the walls of the 
"^^vessel. In a hydraulic system it is necessary to 
place thermal relief valves in various portions 
of a hydraulic system. All pressurized reser- 
voirs also require thermal relief units. Without 
these precautions, the ex*pansion of the liquid 
may become great enough to burst the line, 
unit, or reservoir. 

1-4. Pressure Traitsmission. Pressure is the 
^amount of force applied per unit of ai:earrlt is 
commonly measured in pounds per square inch 
(psi). Pressure applied to a confined liquid is 
transmitted equally and undiminished in all 
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directions. This pressure acts^t right angles 
against the walls of the container. This means 
that the same amount of pressure is exerted on 
ci^ry equal area of a closed system. 

2. Flow of Liqiiid^i ^ 

2-1. Before yotl can understand how a 
hydraulic;^stem works, you must have a basic 
kntSMviedge of the principles governing the flow 
of lijquids. In this vblume we will study two 
major types of liquid flow. This first is flow 
through tubing. The second is flow through 
orifices, restrictions, or venturi tubes. BcJth are 
important in aircraft hydraulic systems. 
^ 2-2. Liquid Flow in Tubing. Tubing is used 
to conduct the fli^w of pressurized liquid from 
the power pump to the actuators. When liquid 
flows in a tube, a shearing action exists between 
the wall of the tube and the liquid. This results 
in turbulence along the walls. A turbulent flow 
is a nonsmooth, whirling fiow. Think of the lit- 
tle whirlpools formed at the edges of an oar 
wherr it moves through the water. Turbulence 
creates resistance, and a loss of energy. A rise 
in temperature of the liquid is evidence of this 
loss of energy. Wherever there is resistance, 
thcr^is a loss of energy. When the engineers 
design an aircraft hydraulic system, they.have to 
consider this loss. They design the tubiiig and 
other units to reduce the resistance as much as 
possible. The power pumps are made large 
enough to take care of the operational ncfds 
' plus the energy loss. * ^ 
2-3. When the liquid is motionless in the 
system) there is no resistance. Whelft it starts to 
move, the resistance begins; as the w' ocity in- 
creases, the resistance increases. Anothtr factor 
that' effects the amount of resistance is the 
viscosity of the liquid. Viscosity is the charac- 
teristic of a liquid fhat makes it resist flowing. 
The greater the viscosity,, tlie greater is the 
fiesistanc^. 

2-4". Fluid flow , either liquidorgas, is either 
laminar or turbulent, Laminzfr means in thin 
layers^ When you think of laminar flow of 
liquids, imagine the liquid as bein^ in thin 
layers. The layers are parallel to the directions 
of flow with the first layer next to the wall of 
ihe tube. When the flow speed is \o^', the fric- 
tion betjiveen layer and layer, and between layer 
one and the wall is low. In this condition, we 
say the flow is stream-lined, one layer slides 
smoothly over the next layer or the wall. There 
^s practically no resistance. As the velocity in- 
creases however, resistance increases. Where 
does this resistance develop? First of all, bet- 
ween layer one and the tube wall because the 
tjibe wall is stationary. As the velocity increases 
beyond a certain point, layer one;^ suddenly 
becomes tur^lent. Increase the velocity more. 
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the turbulence will extend into layer tw(f. At 
this point the other layers are still maintaining 
laminar flow. Each layer, as you move awa^ 
from the wall, will flow a little faster than the 
one before it.' Yet, there layers will slide over 
each other smoothly. Now, if you keep in- 
creasing the speed, you will find the area of tur- 
bulence increasing. Now, for another strange 
phenomena.- -You will find that even as you in- 
crease the speed in"Hhe laminar flow area, the 
velocity of the turbulent area is dropping. 
Therefore, now, a small increase in speed of the 
laminar area causes a faster spread of the tur- 
bulent area. Suddenly, at a critical velocity, the 
entire^ tulje cross section becomes turbulent. 
When this happens, the. total flow velocity 
drops tremendously and suddenly. This, in 
turn, (Causes the flow capacity of that diametef 
tube to drop correspondingly. To prevent this, 
the engineer muSt eith>2r: reduce causes of fric- 
tion, reduce the required speed, or enlarge the 
tube. You will get into the matter of laminar vs. 
turbulent ffow again ^when we discuss the lift 
produced by air flOA^ing over a wing surface, 
(the same problem- exists there). 

2-5. Obviously the design engineers consider 
many factors * when they design aircraft 
hydraulic systems. First, they must determine 
the work to be done. Next^f the necessary power 
to do the*" work.' Then, the type of material and 
unils needed to do the work. Finally, they 
setiect the chemical makeup, viscosity, and den- 
sity of the hydraulic fluid to bp used.- 

2-6. Liquid Flow Through Ofificc, 
HcMriclions, or VcnturJ Tubes. An orifice is a 
small hole. We have explained how^energy is 
used to overcome^the resistance caused by tur-, 
bulence. This turbulence was in the liquid 
flowing through a tube at high speed^ If we 
place ari orifice plate or an abrupt restriction in 
the tube,' we get turbulence at low speeds. 
Therefore, orifices and restrictions in liquid 
flow are more common ca^uses :pf energy loss 
than; tubes. ' f * ■ 

2-7. A venturi is a tube whose^cross section 
area is grad*ually reduced to a smaller diameterr^ 
This narrow point i* called the throat. Beyond 
the. throat the tube again gradually enlarges *to 
its original size (see fig. I). As you see in the 
figure, there are no abrupt changes in cross sec- 
tion. Therefore, at operational velochks, a 
laminar liquid flow is maintained. The rate of 
flow must be the same arthe gages before and 
after the venturi. The gages in the figure show 
that the pressure is the same. Since the amount 
of liquid going through the throat is the same as 
through the larger tube, it has to be going 
faster. The center ^age j^hows that the pressure 
on the wall of the thraat is less than in the tube. 

102 / • . 
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Figure 1 . ^ Fluid flow through a vejituri. 



This is proof of the law\of physics that states: 
As the velocity of ^ gas or liquid increases, 
there will be >a corresponding decrease in 
pressure'*{?Lg?L\n^i the walls of the tube). 

2-8. This increase in velocity thrbugh a ven- 
turi can be^ compared to men marching in a 
parade^ Let's say you are a flight leader com- 
manding the first flight of men in the parade. 
You are marching your m^n down a street 16 
abreast. Suddenly, you 'come to a bridge only 
wide enough for eight men to march abreast. 
You have tc^ do. something to keep the next 
flight behind you from either halting or slowing 
^o a half-step. What will it be? You quickly 
form into two flights and doubie-time the men 
across^ the bridge. Immediately after .passing 
over the bridge you reform to 16 abreast and 
resume normal step. If you didn't resumcf the 
normal pace, you wbuld run away from the rest 
of the formation. 

^ 2-9. Fluid flow through a venturi acts in the * 
same way. As the fluid enters the venturi throat 
it speeds up and reaches maximum speed at the 
smallest ch)ss section. As it passes out through 
the enlarging cross sections, it slows>down to its 
original velocity. 

2-10. You may wonder where and why a 
restriction or a venturi is used in a hydraulic 
system. An orifice or restriction is generally in- 
stalled in a hydraulic Itiie to limit the rate of 
flow. As ^n example, a landing gear, whe'n 
being extended, will tend to drop with great 
force. If we install a restrictor in the hydraulic 
return line, the up line in this case, the velocity 
of the fluid will decrease. This reduces the 
speed of extejfisioj^^of the landing gear and 
prevents possible structural damage^ 

2-11. A venturi can be use,d to pressurize 
hydraulic reservoirs and storage tanks. 



Pressurization of hydraulic reservoirs wilL be 
covered in a later chapter. Right now we will 
discuss the meaning «T some terms weiise in 
hydraulic work. ' • 

3. Hydraulic Terms and Laws , 

3-1. You need to und#stand hyjdraulic prin- 
ciples and how they apply to aircraft hydraulic 
systems. For this, you need to know the exact 
meaning and relationship of several hydraulic 
terms.' 

3-2. Hydraulic Terms. These terms are ex- 
plained to you in the following paragraphs. 
Learn them as thoroughly as you can, because 
they are vital to your success as an aircraft 
pneudraulic repairman. , 

3-3. y^a. Area is the measurement of a sur- 
face. In this course we will express this 
measurement in square inches.^ In the aircraft 
hydraulic system, for instance, we are con- 
cerned with the areas of piston heads. Knowing 
this area, we rtan figure the amount of force 
needed to aptuate a mechanism. 

3-4. force'.' Force is the amount of push or 
pull exerted on an object. In this course we 
measure force in pounds. The force applied to a 
piston head is the total energy^ applied to the 
total area of the piston head. 

3-5. Pressure, Pressure is the force applied to 
orre unit of area, usually one square inch. In 
our work we measure pressure-in pounds per 
square inch, or psi. The pressure acting on a 
piston heacf develops the force -^hat moves or 
operates a mechanism. 

3-6. Stroke. Stroke length is a measurement 
of distance expressed in inches. It represents 
the distance a piston moves in a Cylinder. 

3-7. Volume. Volume (displacement) 
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measuremj^nt of quantity,.cxpressed in cubic in- " 
ches. It represents the amount of liquid con-* 
tained in a reservoir or displaced by a pump or 
actuating cylinder. 

3-8. Fluiii, A fluid is any substance that can 
flow (not solid), liquid or gas. It is able to move 
and change shape withoAit separating when ujy- 
der pressure. The t^rm ''hydraulic fluid** is used 
in this text as the common name for tt)e oil used 
itt aircraft hydraulic systems. 

3-9. In general, fluids expand when heated 
and contract when they are cooled. When a 
confined fluid is heated, pressure on the wall! 
of the confining vessel will increase. Cooling oP 
a confined fluid will cause a <^ecreas'e ih 
pressure. 

3-l0. We will learn some important 
mathematical relationships between the above 
terms. But, before we do that, let's talk about 
Pascal's Law. 

3-11. Pascal's^ Law. Both' Whematical cal- 
culations and thciir practical application in 
working hydraulic systems are based upon this 
law. Blaise Pascal (1623—1662) was a noted 
French mathematician and philosopher whose 
law is stated as follows: Wkm a force is exerted 
on a confined fluid, the pressure is transmitti^d 
equally and undiminished in all directions. Pay 
particular attention to the words "force** and 
**pi^essure.*' From now on, ]thcy, and other 
terms, must be used according to their strict 
meaning. Remember that PascaFs law applies 
only to i^onjined fluids. Also, whenever a fluid 
is in motion in a hydraulic system; this law does 
not apply. Thiols because when the*fluid is 
flowing it is not confined in the true sense of 
the word. 
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Figure 2. Application of Pascal's law. 



3-j2. In figure 2 you see PascaPs law. 
illustrated. When a force is appliedjo the 
piston in cylinder I it is transmitted^^^al^^)^r- 
tions of the confined fluid. If the applied force^ 
is equal to» let*s say; five pounds per square 
.inch, this pressure will press against every 
square inch of surface in cylinders I, 2/and 3 
and the tubing. It is applied right angles to 
the surfaces. That is what PascaPs lay/^ says, 

3-13. Now a change takes place. A lack of 
resistance causes either piston 2 or 3, or bothv> 
to move upward. This momentarily lowers th^ 
pressure in cjdinders 2 and 3 ^hUe inljylinder 
I it is still 5 pounds per square inch. <3bviously, 
this unbalanced condition cannot last. Fluid 
will flow from cylinder I to cylinders 2 and 3. 
This is because pistons 2 and 3 are not. con- 
fining the fluid as long as ihe move is upward. 
Hence, Pascal's law does not apply. When 
pistons 2 and 3 reach the ?nd of their strokes, 
the .fluid flow will have to stop.. At this point 
the fluid is again cdnfined and the pressure 
again eaualizes. Now PascaPs law applies once 
more. : , • v 

3- 14. We have talked of Blaise PascaPs laws 
and used hydraulic terms in a* general way. Now 
let*s get down to specifics and see how they 
relate to* each other. . ^ 

4. Relationship of Terms 

4- 1. We mentioned this before. To un- 
derstand hydraulics, you must have anj fin/ 
derstanding of certain specific terms ar 
PascaPs law, and their interrelationship. Thj^ 
iinderstandihg must become a part of yoii. l/he 
terms- '*area,** "pressure,** "force,'* "stroke,** 
"volume,** and the truths speJIed out by Pascal 
are mathematically related. I^p hydraulic 
operation is possible without involving these 
relajtionships. Why should you, the practical 
mechanic, be concerned wjth this theory? 
Because it is the very foundation of the 
hydraulic systems^ tells y6u why the engineer 
designed it like he did. It enables you to figure 
out what characteristics he built into' thf 
system. To maintain and troubleshoot the 
systems^ this understanding must become in- 
stinctive with you. Several factors you ^ must ♦ 
consider Are: (I) Why is the system capacity and 
pressure as selected? (2) What and why are the 
material strength requirements? (3) What and 
why are *^he piston area and stroke 
requirements? Just what are the various com- 
ponents supposed to do? Etc. 

4-2. Rclatloiwhip of Force, Prcj^surc, and 
Area. If we know any two of these factors, we 
can easily figure the third. To help in doing 
ttiis, apply figure 3. Such a triangle is used in 
several areas of knowledge. To apply it, always 
multiply the two lower values to get Jhe top 
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v9lue/Or divide the top value by the knowfi 
lower vfilue to get the other (unknown) lower' 
value. For example, \e know that force is the 

, tptal of the pressures, acimgin each unit of area. 
Also^^ pressure is the tofel pounds of force 
divided up between the total square inches Of 
area. To apply the triangle, if you kopw the 
v£|lues'of A and P and want to get F, cover F 
and multiply A times P. This gives you the 

* value of F. If you know the lvalues of A and F. 
and want>, cover P and divide F by A. If you 
have the vahtcs qf P and Fand need A, cover A 
and divide F by^. Remember, F is alway$ given 
in pound*, P in pounds pdr square inch, and A 
in squarejfiches. No.w, let's try some problems. 

4-3., E]!(£lmple 1 : A pressure, of 'pounds per 
square inch acts on a piston whose^urface area 
is 5 square inches. What is the force acting on 
the piston? Use figure 3. Cover F and multiply 
P (50 psi) times A (5 square inches). The result 
is that F is a force of 250 pounds ^thc surface 
of the piston^ , v ^ ,. 

4-4. Example 2: A force of 480 pounds is 
exerted on a surface whose area is 12 square in- 

Jhcs. What is the pressure. on the surface? Use 
gure 3 again. Cover P; divide 480 pounds (F) 
oy 12 square inches (A), P will be a pressure of 
40 {pounds per square i^^* 




Figure 3. Relationship oif force,, ar^a, and pressure. 

4-5. Relationship of Volume, Area,. and 
Length. Figure 4 shows the mia)thematical 
relationship between volume, area^and* length 
of stroke. Once again a triangle is used to solve 
problems involving these three factors. For 
exanniple, a piston of 8 square inches moves a 
distancf^of 10 inches withiif a cylinder. What is 
the volume of liquiji, # displaced by the 
* movement of the piston? Using the triangle in 
figure 4, we can easily calculate the volume. We 
cover V and multiply the two lower figures A 
and L. Eight square inches timfes 10 inches' 
equals 80 cubic inches (V) which is the volume 
displaced (V). ^ 
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Figure 4. Relationship ot'^^olunre. area, and length. 

4-6. Practice .^Ixcrciscsi—Hydrkiilic Prin- 
ciples. 'The following exercises should give you ^ 
a better understanding of the relationship of 
hydraulic factors. Figures are included that are 
to be u'l^ied in solving t|e exercises. The figure 
legend indicates the practice exercise to which' ^ 
the figure pertains. Answers to these exercises 
will be found at the end of the chapter. 

.4-7. Force»pressure-area exercises. The - 
first nine exercises will give you actual practice 
iti deteripining either force, pressure, or area, 
when two pf the factors are known. Refer to 
figure S when solving these exercises! Keep in 
mind that the cylinder is, of course, full of 
liquid. 
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Figure 5. For practke exercises I through 9. 



1. Find P: 



2, Find F: 





4 sq in 


l-orc >- 


100 lbs 


Hrcssu* « 




Area « 


10 sq in 


Force 


lbs 


Pressure « 


100 psi 




2129 



lUo 



3. Find A: 



4. Find P: 



5. Fiqd F: 



6, Find A: 



— sq,in 
200 Ihs 
400 psi 




Area 
Force 
Pwssure 



Area » sg in 
' Force » 500 lbs 

Pressure « 50 psi 

Area -^3 sq in 
Force » 150 lbs 
Pressure »_J_psi 

Area «c 2 sq in 
Force »__lbs 
Pressure 1000 psi 

Area » gg in 
Force » 7.S0 lbs 
Pressure « 1000 psi 

4-8. Volume-length-area exercises. Exer- 
cises 10 through 18. will give you actual prac- 
tice, in determining either volume, length, or 
ar|||when two of the factors are known. Refer 
ttpTrgure 6 when solving these exercises: 



7. Find P: 



8. find F: 



9. Find A: 




Figure 6. For practice exercises 10 tiirough/(8. 

/ 



10. Find L: 



1 1 . Find A: 



12. Find V:, 



Volume M 10 cu in 
Areata* 5 sq in 
Length «_in 

Volume a> 20 cu in 
Area =- in 
Length ^ 10 in 



Volume 



13. Find L: 



N. Find A: 



15. Find V: 



16. Find L: 



17, Find A: 



Find/V: 

4' 



Vtijunic a 
Area « 
Length - 




Volume 
Area »^ 
Length 

Volume a« 
Area 
Length 

Volume ^ 
Area 
Length 



Volurtic « 
Area i-, 
Length 



cu m 
^ sq in 

» r 111 





Volume 

Area — 

' ' Length 

4-9. Force-pressure-area^enph-volume ex- 
ercises. Exercises 19 through 30 are divided 
into groups of three. Each group has its own 
figure 3hown. Consider each figure as an in- 
dependent hydraulic system, with the cylinders 
and connecting tul^ng Cull of confined fluid. 
Each part of the exercises is labeled A and B or 
A, B, and C to correspond with the cylinders of 
each figure. With two kaown factors, the third 
one c'an be found by using the triangle for- 
mulas. In these exercises, Pascail's law must also 
be applied to solve them. You will find that at 
least one part of each exercise has two known 
factors. By applying the laws of hydraulics for 
pressure and displacement, you will be able to 
work the other parts. In thjc volume exercises, 
assume that the volumes are transferrable. The 
fluid in any one cylinder can be moved entirely 
into the othei^ one or two cylindei's. ^ ^ 



\ 





y 








(i) 














1 





Figure 7. For practice exercises 19 through 21. 

B 

F 'h^ 



19. A 

K = 500 lbs 
A « 10 sq m 



20. 



Area ^ 10 sq in 
Length jm 2 in 



A . 
F » 800 lbs 
A = SQ in 
P « 400 psi 



A >■ 5 sq in 

P » psi 

B 

<^,- 1600 lbs 
SQ in 
P psi 
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21. A 

F - lbs 

A « t sq in 

P p^i 



B 

F « „lbs 

V A s 2 sq in 
P « 200 psi 



CP ■ ^ Q 

©p^ ®R ®|ii. 

L 



Figure 8. For practice exercises 22 through 24. 



21} ' . A 

' V /« cu 



^A « 5 sq in 
L 34 3 in 



V 
A 
L 



® 




kdLj:®' 



« 5 in 



T 



22. 



23. 



24. 



F - lbs 

P - psi 

A V 4 sq in 



F ^ tbs 
A » 3 sq in 



F « lbs 

P p«« 
A ai 5 sq in 



F 
P 



B 

lbs 

500 psi 



A » 2 sq in 



F » 3000 lbs 

P « DSi 

A " in 



F 
P 
A 



C 

1000 lbs 

psi 

SQ in 



F - lbs 

P - 500 psi 
A » I sq in 



F 
P 
A 



B 

- lbs 

100 psi 
Vsq in 



,F « 600 lbs 
P =" psi 
A a» sq in 



,1 



41 



1 



^1 



42-99 



25. 



26. 



Figure 9. For practice exercises 25 through 27. 
A . B 




V =. 20 cu in 



A = 

L -\ in 



-sq 



V M 40 cu in 
A » sq 

L t= 8 in 
« B 

V - cu 

A a« 10 sq in 



Figure 10. For practice exercises 28 through 30. 
28. A , 



V ^ cu in 
A i» 2 sq in 
L «*5 in 



B 

V 35 CU in *v 
A « 4 sq in 
L = 10 in 



V at CU in 
A 6 sq in 
L 3P in 



29. 



V » c u in 
A at 6 sq in 
L = 5 in 



B 

cu. in 
1 0 sq in 
5 in 



V =a CU in 
A » 4 sq in 
L — in 



30. 



A 

L 



A 

c u in 
5 sq in 
4 in 



V 
A 
L 



B 

c u in 
5 sq in 
5 in 



C 



V 
A 
L 



.*f sq.in 
in 



4-10. Of what value to us* will this un- 
derstanding of the interrelationship between 
force, pressure, area, and length be? Well, in 
one sense, we are working toward "rrtechanicaj 
advantage** (which we will discuss next). 



5. IMechanical Advantage (MA) 

* 5-K Can you pull a spike out of a two-by- 
four with your fingers? Can you lift a car by 
grabbing a hold on the bumper and grunting? 
Can the aircraft pitot retract the landing gear 
by puling on a rope that is Pied to the gear? Of 
course not. Yet» you can get these job^ done. 
But,^ how? By usin^ a claw-hammer on the 
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spike, or a jack* on the car. On the heavy 
landing gear, merely moving a handle on a 
hydraulic selector valve will raise it easily. 
What thing^ in common does each of t^hese 
solutions have? Each example simply qiakes use 
of a mechanical $(evice. A man cannot possibly 
do any of these jobs with his bare* hands. The 
va^'ious mechanical devices — hammer, jack, and 
the hydraulic system — must all do one thirtg. 
They mufst effectively multiply the effort a man 
can cxeVt to perform work. All of the devices 
mentioned, and many more, have the ability to 
multiply the effott applied to the device. As a 
result, a person can perform |pcts which he 
couid not_otherwiSe do. The amount by which 
the mpurlffort is multiplied in the output of 
the device is called the mechanical advantage. 

5-2. Importance of iVlA. Of whtft im- 
pprtance is mechanical advantage in relation to 
the aircr'hft hydraulic system? At the beginning 
of this chapter we gave one purpose of the air- 
craft hydraulic system. It was to transmit engine 
power to distant' points^ in the aircraft where 
power is needec^/^ow we have come to another 
purpose. That purpose is to multrply theUnput 
effort or force enough to do the requirea job. 
In other words, to |ain a mechanical advantage. 
We also mentioned the imUprtance 6f\ the 
mathematics of hydra^llics to the* design 
engineer. In his mathematical calculations pne 
of his primary interests mechanical 
vantage. It enables him to determine accurately 
the size of actuating cylindVs .and piston^. 
Also, it tells him the distance ^e pistons mu 
move to operate a mechanism. Why is unit sFz 
important? Because space in an aircraft is 
limited. Operating units rQu^t be designed to be 
as strong as necessary, yet small and light as 
possible. 



50 Its FORCE 



1 2 SO IN AiCA 

^250 LIS 
fO«CE 
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Figure II. McchanicrH adviintuet . 

)5-3. In figure II. you jjee a simple 
iliustTation of mechanical advantage. Note 
carefuilly the c/omparative areas of the small and 
large pistons. This jatio of sizes is very im- 
portant. When the SO-pound force is applied to 



the small piston, the fluid pressure shows 25 psi 
on the gage. Also notice ihat 25 psi acting on 
the large piston exerts an upward force of 250 
F^nds on it. This will support a 250 pound 
barrel stationary or raise a 249 pound barrel. 
This gain in force (from 50 pounds to 250 
pounds) is made by increasing the surface area 
of the output piston. Nojie two things. The out-^ 
put force is five times as great as' the input 
force. Also, the output piston area is five times 
as large as the input giston area. Would this 5 
to I ratio change if the psi were limited to 20? 
Or, raised to 30 psi? No. It will change the 
fo|^ces' involved, but the ratio between the 
forces will still be 5 to I . Why? Does changing 
the psi involved change the area ratio? 

5-4. Expression of Mechanical ad- 

vantage is^ expressed as a ratio — in the abpve 
cas§ it Is 5:1. In hydraulics, mechanical ad- 
vantage can'be explained as 4he**'ratio between 
two pistohs with regard to the factors we 
discussed so far: area and force. The 
mechanical advantage ratio serves "ns a useful 
shortcut for pTcrbtrms in hydraulics. 



4SQ. IN. 
PISTbN 



800 LBS 
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Figure 12. Applying mechanical advantage to problem 
solving. 

5-5. To illustrate, consider the two pistons 
shown^ in figiJre I 2 and observe how the MA 
\ratio serves this purpose. In fne arrangement 
shown, assume that we must raise the 800- 
>ound weight by apprying a 40-pound force to 
\c 4«sqi|are-inch piston'? Since MA is the ratio 
tween two values for each of these factors, 
r|ce and area, we can rapidly calculate the 
The mechanical advantage in this case can 
beMbtained by dividing 800 pounds by 40 
poimds; 20 is^thc result. Heni:e. the MA is ex- » 
pressed as the I'atio 20:1*. Multiplying 20 times 
4'sqBarc inches (small piston area), we find we 
necd"Jan area on the large piston of 80 square 
inches. Up to now. we have applied MA only to 
force and area. It also applies to the distance 
the pistons move — length of stroke.^ Apply the 
MA ratio to the length'of stroke and assume 
that the large piston must move ip inches. Then 
we find that the small piston must niove 20 
times 10, or 200 inches. Of course, it would not 
be feasible tor the small piston to move that far 
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on a single stroke. Therefore, tl^e small piston 
'must move through a scries of short repeated 
strokes. For example, take Ahe ftise of a 
hydraulic jack or aircraft hydraulic system hand 
pump. NoVice in this problem that knowing the 
value of the pressure is not necessary, thafi^s to 
the 'MA ratio. We can tlnd the prfe^pe, 
however, by merely applying the • force- 
pressure*arca triangle, in which case we obtain 
10 psi. More of this business of MA involving 
the distance the piston travels is jn^the next 
paragraph. We will also take these principles 
and apply them to the operation of hydraulic 
jacks. 

6. Mechanjical Advantage (MA) and 
Hydraulic Jacks 

6- 1 . Take a close look at a hand'pumf^that is 
used to inflate an automobile tire. You should 
find that it consists of a metal Y:ylinder and a 
close-fitting piston. When thi pump han- 
dle is pushed down, the piston forces air 
from the cylinder into the tire. With each 
stroke, more air is forced into the tire, and the 
car slowly begins to rise. But with ^ch stroke, 
, the small amount of air from the pump spreads 
out into the large tire. The distance the -car ^'iscs 
is much less than the distance your hand has to 
move to push the pump handle down. So there 
is a gain of force and * a loss^ in distance. 
Therefore, we can consider the arrangement of 
the Dump and tire to be a^ihachinc as it is used 
to rtnsc the automobile. With some changes, 
this arrangement of hand pump and tire 
becomes the "hydraulic jack." This jack con- 
sists of a small pisto^v^nd cylinder connected 
by means of a tube to a large piston and cylin- 
der. Sec figure I 3. Force is applied to the small 
piston. This forces fluid through the tube 
toward the larger piston and causes the larger 
piston to move. 

6-2. Determining MA of Hydraulic Jack. 
How can the MA of the hydraulic jack shown in 
figure 13 be found? For illustration, we have 
chosen a square tube that measures exactly I 
inch on each side. This is connected to a larger 
square tube measuring 3 inches on each side. 
Assume that the smaller tube is 9 inches high. 
Therefore, when the piston in the small tube is 
pushed to the bottom, the amount of tluid for- 
ced out is 9 X I X L or 9 cubic inches. At 
each complete push, this is the amount of fluid 
which passes into the larger tube. But, since the 
larger tube measures 3 inches on each ^ide, the 
9 cubic inches here will only rise to a height of 
I inch. Then the 9 cubic inches of fluid in the 
wide tube occupies a space of 3 X 3 X I inch. 
Thus, the piston in the large tube rises I inch- 
when the piston in the small tube moves down! 
9. In other words, the effort distance (DE) is 9^ 



inches, while the resistance distance (DR) is 1 
inch. You can find the MA by using the for- 
mula iviA « m « 9^ « 9 
• DR ( 
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Figure 13. Hydraulic jack [}rinciples. 

6-3. If the MA is 9, you can lift 90 pounds 
by applying onfy 10 pounds of effort to the 
small piston (discounting friction). You can 
also find the MA by comparing the areas of the 
two pistons. *The al-ea of the small piston is 1 
square inch (1 in x I in), while that of the large 
piston is ^ square inches (3 in x 3 in). The area 
of the larger piston is 9 times that of the smaller 
one. This number 9 is also^the M/k of the jack. 

6-4. Deterniining Displacement and Head 
Area. We used square, rather than round tubes 
in figure 13 to simplify the mathematics. 
Although you saw how Pasc^ s law is used in 
everyday work to satisf^ our needs, the 
hydraulic jack^ (schematic shown in figure 13) 
needs suitable valves before it can operate. The 
small and large square tubes represent the much 
more practical round cylinders and pistons. 
One thing the square tubes haye in common 
with the round cylinders is that iboth areas are 
measured in square inches; the displacement or 
volume is measured in cubic incnes. Should you 
wish to figure the cubic incli displacement 
(volume) of a cylinder, you can use the formula 
V = pi X R2 X H. Instead of/writing>^pi, you 
can use the symbol ar. For exanjple, the vblume 
of a cylinder 10 inches high (length) with a 2- 
inch radius is: V = 3. 14 X 22 v 10 = 3.4 X 4 
X 10 =^ 1 25,6 cubic inches. To find the area of 
the piston head, use the formula A = r X R^ 
- 3.14 X 22 = 3.14 X 4j= 12.56 square 
inches. 



6-5. This completes our discussion of 
lydraulic principles. Now examine a basic 
lydraulic system. 



?• Basic Hydraulic System Construction 
and Operation 

7-1. There is a great variety of aircraft 
hydraulic systems. All of them, the simplest and 
the complex, operate according to the prin- 
ciples discussed thus far. They are all develop- ^ 
ments of a basiq system. In other words, they 
are certain units essential ^to any aircraft 
hydraulic system. The description of a basic 
system will help you understand the specific 
systems to be covered later. We will assign psi 
and square inch values to operate some of the 
basic units taught in this section. Their values 
wilPbe representative of an average. They are 
not the exact values of any stock numbered 
iteoi but are used for convenience. Although 
\ these are typical ^values, they need not be 
\ rememoered as standard . value^ ^r s^l 
\ hydi^g)Jic systems. Tlie development of a basic 
\ hydraulic system is shown in figures 14 through 
^\ 16 and in figure 19. Figure U s^ows only those 
,lunits 'that are ajjsolutely necessary to operation. 




S UCTIO N PRESSURE RETURN 



A. Actuating cylinder 

B, Reservoir 



C. Power pump 

D. Selector valve 



nftgurc 14. Simple hydraulic system. 

7-2. Reservoir, Pump, Selector, and Ac- 
tuator. Refer to figure 14. The reservoir (B) 
contains the system fluid. It supplies this fluid, 
to the pump (C) by means of gravity and the 
suction effect of the pump. Many pumps are 
driven from an accessory drive of the aircraft 
engine. Others by an electric motor, or even by 
air turbines used on some aircraft. In a simple 
system, as shown in figure 14, a hand-operated 
pump could also be used. The pump suppliies 
fluid, under pressure, to the selector (direc- 
tional control) valve (D). This is manually set 



in either of two positions to control the flow cf 
fluid to the actuating cylinder (A). With the 
selector valve as in figure 14, fluid is sent to the 
face of the piston, causing it to move down- 
ward. Rotate the selector valve 90°. Now fluid 
is^directed to the back side of the piston, 
moving it upward. Notice the four ports of the 
selector valve. The pressure and return ports 
are directly opposite eac>i other, or 1 80° apart. 
The two alternating lines to the actuating cylin* 
der are also opposit,e each other. The lities are 
calledigllernating lines because the direction of 
the fluid flow alternates in them according to 
the position of the selector valve. First, an 
alternating line may provide pressure to the ac- 
tuator. Then, when the selector valve is turned 
•90°, the line will become a return line. Alter- 
nating lines are also referred to as **up" and 
"down" lines. The terms refer to the correspon- 
ding movements of the mechanism (landing 
gear, wing flaps, dive flaps, etc.). .The terms 
"up" and«**down" have no connections with the 
movement of the actuating cylinder piston it- 
self. The piston might move in one direction 
while the mechanism moves- in the opposite 
direction; it depends upon the mcc{)inical 
linkage arrangement between the twp. 

7-3. An example of this would be a landing 
gear system. Ordinarily, it takes more force to 
retract a gear than to extend it. We know that 
the larger the area exposed to a given pressure, 
the greater the force that will be developed. 
Therefore, pressure applied to the face of the 
piston opposite the rod side will yield rjere 
force. The pistoin back side area is equal to the 
face side area, mmus the rod cross sectional 
area. . 

7-4. Notice the solid and dotted lines in the 
selector valve in figure 14. They show the two 
possible positions of the flow director. In this 
figure, fluid under pressure is directed through 
the up line into one en^ of the actuating cylin- 
der. The piston is forced to move to the op- 
posite end of the cylinder. As it moves, two 
events tak& place, ^he mechanism (landing 
gear, flaps, etc.), ^ttached by mechanical 
linkage to the actuating cylinder piston rod, 
moves up. When this happens the piston pushes 
static fluid out of the cylinder. This flows 
through the down line and selector valve into 
the return line, and then to the reservoir. When 
the selector valve is turned to the position 
shown by the dotted lines, the down line 
becomes the pressure line. This pressure on the 
back side of the piston moves jt back through 
the length of the cylinder. When this happens, 
the mechanism moves down (extends). The up 
line returns static fluid to the reservoir through 
the selector valve and return line. Some selec- 
tor valves have a neutral position in which they 
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' can block off both alternate Itnes.^In this case, 
the trapped fluid in both ends of the piston will 
hold the Piston in a locked position. 




S UCTIO N P RESSU RE HETUR N 
rvyyj ■■■ 



A. Actuating cylinder 

B. Rcliel' valve 

C. Reservoir 
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D. Power pump 

E. Selector valve 



Figure 15. Simple system with relief valve. 

7-5. Relief Valve. The hydraulic system just 
described would be practical if it were operated 
by a hand pump. However, if any kind of power 
pump is used, pressure wiil build up im- 
mediatfifly. It will build up to such proportions 
that something will have t0 give. Either the 
pump wiU fail under such a load or a line will 
burst. Therefore, we must add units that will 
allow the system to operate from a power- 
driven pump. To properly design a system, we 
must know the pressure needed to operate the 
medhanism. Then we must add some device t9 
relieve any pressure that is above the required 
pressure. Such a device is the system relief valve 
(item B in figure 15). It is so constructed that a 
ball or poppet is held on its seat by a spring. 
System fluid pressure will unseat the ball and 
flow by it into the return line when it over- 
comes the spring pressure. This happens 
whenever the actuating cylinder is not moving 
and the pressure is at a t^aximum. Fluid is then 
bypassed through the relief valve and returned 
to the reservoir.^he valve remains open as long 
as the pump operates, or until the selector valve 
is repositioned. Spring pressure is adjustable to 
match the design pressure for any specific 
sysicni. When the 'piston reaches either end of 
the cylinder, it stops, then the tluid tlow that 
drove it stops also. Immediately the pump 
builds up the system pressure tremendousJy. 
Before this pressure ean rupture the tubing or 
damage the system units, it will overcome the 
relict valye spring setting. With this, the ball 
will push off its scat, and excess fluid will be 



bypassed to the reservoir. 

7-6. At this point we have a workable 
system, but it is still impractical. After a few 
hours of constant load operation, an ordinary 
pump would probably fail. This would be true 
here. Practically all the time the pump would be 
bucking the relief valve >yith system pressure at 
maximum. Now add to the system some units 
that will relieve the workload of the pump. 
They will make the system' more efficient, safe, 
and durable. The addition of a pressure 
regulator and a check valve to the system (see 
fig. 16) does tl^is. 

7-7. Pressure Regulator and Check 
Valve. You should first know something about 
the.general construction and purpose of a chicck 
valve. The purpose of this valve is to permit the 
How of fluid in one direction; it prevents flow 
in the oppdsite direction. The type of check 
valve shown as item F in figure 16 contains a 
steel ball that is spring-loaded on^its seat. It 
takes about 3 to 5 psi of pressure to compi^ss 
the spring and move the ball from its seat. 




SUCTION PKESSURE 
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A. Actuating cylinder 

B. RcJ^el valve 

C. Pressure reguhiinr 
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D. Reservoir 
H. Power pump 
K. Check valve 
G. Selector valve 



Figure lf>. Simple system wtlh^pressure regulator and 
' cheek valve. 

7-8. The check valve allows the pump to 
pump tluid into the system with little hin- 
drance. But« if the pressure p,n the pump side 
drops lo near or below the pressure on the 
system side, the ball seats itself. The down- 
stream system pressure and spring pressure 
together s^at the ball, and the system pressure \k 
trapped until used. You are probably asking 
this question: If the pump is running, how can 
the pressure on the pump side ever g^t below 
the pressure on the system side? 

7-9. The pnsssure regulator or unloading 
valve (C) maintains system pressure between 
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two designed pressure limits. It relieves the 
^mimp side ind» therefore, relieves the pump 
|when no mechanisms are being actuated. A 
typical pressure regulator in its two phases of 
operation is shown in figures 17 and 18. We 
now can apply the mathematical relationship 
'between pressure, area, and force to teach its 
operation* The regulator has tvj^nositions, 
"kicked in" (fig. 17) and "kicked oiiPf(fig. 18). 
Notice that as the fluid is delivered from thc^ 
pump, it goes to both the top and the bottom oi 
the regulator. The construction of the regulator 
includes a piston I square inch in area, a piston 
rod, a steel ball 1/4 square inch in area, and a 
piston spring of 600 pounds force pushing the 
piston down. Untillhe pressure is great enough 
^to push the piston up and unseat the ball, the 
fluid is directed to the system. 

7-iO. Let us suppose that the pressure h.as 
built up to 600 psi. Remembering our formulas, 
we knd\r that pressure times area equals force. 
Thus, 600 psi times 1 square inch (area of . 
piston) equals 600 pounds of force acting up- 
ward. Since the spring pushes the piston down 
with a force of 600 pounds, we can say that J 
these two forces are balanced. But don't forget 
that we also have the 600 psi acting downward 
on the 1/4-square.inch area of the steel ball. 
Applying the formula, we find that this steel 
^ ball area provides another 150 pounds of force 
This 150 pounds plus the 600 pounds of spriflg 
tension continues to hold the ba ll Qf MtTseat. 
Fluid pres^re, therefore, incifases in the 
system momenttfnly. In .figure 1 7, the pressure 
has built up to 800 psi, or 800 pounds of force, 
pushing up on the piston. The spring pushes 
down with 600 pounds, so the excess in force is 
200 pounds pushing the piston up. Again, we 
have the same 800 psi acting on the l/4-square- 
inch area of ihe steel ball. Now the isteel ball 
area is equal to a force of 200 pounds pushing 
down. At this point we may say that the 
regulator is in a balanced state. Any pressure in 
excess of 8D0 psi will move the piston up and 
push the ball off its seat. We know that the fluid 
will always follow the path of least resistance. 
Therefore, it will pass through the regulator 
and back to th? reservoir (see fig. 18). 

7-11. Now we can see the importance of the 
check valve. This **opening" 'of the regulator 
causes a rapid loss of pressure; in the top line on 
the left side of the check valve. With this sud- 
den reduction in pressure, the checl^valve 
snaps shut. The fluid trapped to the right of the 
check valve continues to hold the regulator 
piston raised. Now the total output of the pump 
moves unrestrictedly through the regulator, io 
the return line, and back to the reservoir. Since 
the load on the pump is removed, the pump is 



said to **idle." As soon as the regulator ball is 
off its seat, there is no pressure acting on it, 
thus no downward force. Therefore, 800 psi is 
holding the piston up against the 600-pound 
force of the spring. The pressure in the system 
must drop slightly below the 600.pound spring 
force before the regulator ball can reseat. When 
that happens the pressure in the system can 
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TO SYSTEM 



Figure 17.^ Pressure regulator "kicked in • 

build up again through the reopening check 
valve. 

7-1 lAfle^nuse we added the pressure 
regulatW to the system, the relief valve now 
becomes an emergency-type valve. Its purpose 
is tQ prevenjt damage to the system only if the 
pressure rcgylator should become inoperative. 
Should this happen, remember that the pump 
cannot idle; it must maintain the pressure 
necessary to hold the relief valve open. 



7-13. Let us complete the basic hydraulic 
'system (see fig. 19) by adding an accumulator 
(1), two mor? check valves (M and H), and a 
hand pump (G). The accumulator is a part of 
the main system. The hand pump is an auxiliary 
emergency unit, and the check valve (H) works 
with the hand pUmp. 

7-14. Accumulator. The accumulator is a 
steel sphere divided into two chambers by a 
synthetic rubber diaphragm. The upper cham- 
ber contain- fluid at system pressure, whije the 
lower chamber is charged with air. 

7-15rThe accumulator serves three func- 
tions. Primarily, it prevents the pressure 
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•regulator from repeatedly '^kicking out" 
(opening) and "kicking in" (closing). Fur- 
thermore, it prevents strain on system units by 
acting as a shock absorber for sudden pressure 
surges. Finally, it "stores" hydraulic fluid under 
pressure; it supplements the pump during sud- 
den demands; it supplies fluid for a limited 
operation of mechanisms should the pump 
break down. 




FROM PUMP 



TO SYSTEM 



Figijrc 18 Pressure regularor kicked out * 
i 



7-16. When the pressure regulator operates, 
its moving parts travel rapidly and with great 
forec. therefore, to prevent excessive wear, the 
uniKsh/?uld operate only when necessary. Just 
how does the accumulator prevent excessive 
regulator operation? Earlier in this chapter we 
described fluids as being incompressible. This 
characteristic of fluid makes the accumulator 
necessary. In figure 18, the pressure regulator is 
in the "kicked-out" position, and the pump is 
idling. Fluid under pressure , is trapped in the 
system to the right of the check valve. 

7-17. Remember that the pressure of the 
trapped fluid is 800 psi. Now. theoretically, if 
one drop of fluid were to leak out the system, 
the pressure would immediately drop to zero. 
This is because fluid cannot be compressed like 
air; the space that one drop occupies can com- 
pletely relieve all the pressure. Should this hap- 
pen, the regulator would "kick in;" the pump 
woif|d build the pressure to 800 psi, and the 
regulator would '^kick out * again. 
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A. Aciualing cylinder 

B. RciicT valve 

C. Pressure regulator 

D. Reservoir 

E. Reservoir standpipe 

F. Power pump 



G. Hand pump 

H. Check valve 
J. Cheek valve 
K. Aceumulalor 
L. Check valvO 
M. SeIccU»r valve 



Figure 19. Cojiplcie ^asic hydrauhe sysien 

7-18. This cycle would continue indefinitely, 
and eventually the regulator would break 
down. With an accumulator (sec fig. 19) in the 
system, however, such a condition can be 
eliminated. The regulator will remain in the 
"kicked-out** position lof\ger. Slight internal 
leakage will merely result in a gradual reduc- 
tion of system pressure. As fluid leaks to the 
return lines, rapid loss in pressure is (^vented 
by the accumulator air charge. In time, the 
pressure will drop to the '*kick in" setting of the 
regulator. The pressure does not fall im- 
mediately to zero because of the air charge in 
the accumulator. This air pressure pushes the 
diaphragm up against the fluid. In other words, 
the fluid in the system has, in effect, taken on 
the characteristics of compressed air; it thereby 
keeps the pressure regulator from overworking. 

7-19. How does the accumulator accomplish 
its shock-absorbing function? Once again the 
answer lies in the air charge in the accumulator. 
The following is an example. When a selector 
valve is moved, there is an immediate drop in 
system pressure. A port is opened to the fluid 
return line and pressure on the outflow ^side of 
the piston drops. As the piston nears the end of 
its $troke, the pressure begins to increase; when 
the piston reaches the end of its stroke, there is 
a sudden buildup of pressure; immediately, the 
accumulator air charge is repressurized and the 
pressure regulator "kicks out." Without the air 
cushion provided by the air charge in the ac- 
cumulator, damage could occur to the system. 
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Pressure build ups would be extremely sudden 
a|d sharp because of the inconipressibiiity of 
tif fluid. 

7-20. The accumulator is a relatively large 
container designed to retain a compressed air 
charge. Because of its rubber ^diaphragm 
divider, it will effectively store fluid under 
pressure. Hydraulic pressures can be lost 
because of pump failure or a stuck -open 
pressure regulator. In such a case, the 
, pressurized fluid in the accumulator saves the 

situation. It normally is enough ib actuate at 
least one mechanism, possibly md^ 

7-21. Hand Pump.. The hand pump shown 
in figure*l9 serves two purposes. It can be used 
as an emergency source of pressure if the power 
pump fails during flight. It is ^n auxiliary 
. source of pressure for ground checking the 
operation of the system units. 

7^22. Notice that the hand pump assembly 
consists of a cylinder, piiton, a piston rod, and 
two check valves. When the piston moves to the 
right, the check valve in the piston is held 
closeU by the spring. The piston forces the fluid 
IjA^ll^ right chamber out into the pressure line 
tWough ch^ck valve. At the sanfre time, the suc- 
tion effect of the moving piston draws fluid 
. through the inlet line checl^valve. This Alls the 
left pump chamber. 

7-23. When the piston is moved to the lett, 
the inTbt^Hne check valve is held closed by the 
.pressure oT the fluid in the left chamber. The 
ik^pace available for the fluid in the right cham- 
ber is less {han the space in the left chambex; 
This is caused by the piston rod displacement ia 
the right chamber; thus, the excess fluid under 
pressure is driven out through the discharge 
port of the system. 

7-24. Failure of either of the pump check 
* valves will cause the putnp to become com- 
pletely inoperative. To prevent this, we install a 
check valve (H) in the discharge line. Now, any 
one of the three check valves could fail and the 

^ * pump would still produce pressure on ^t least 
one stroke of the cycle. This is the type of 
pump used in almost all aircraft hydraulic 
systems; practically all hydraulic systems make 
provisions for an installed check valve (H) in 

s«-J the pressure line. 

7-25. The function of the system check valve 
(M, fig. 19) is to prevent fluid delivered by the 



hand pump, from entering the accumulator.' 
Since the hand pump is an emergency, or 
auxiliary device, we want quick action from it. 
We don*t want to waste energy filling the ac- 
cumulator before directing fluid to the 
mechanism being operated. The check valve 
(M) closes when the pressure from the hand 
pump exceeds the static pressure to the left of 
the valve. Thus, the hand pump fluid output 
flows directly t^i the mechanism being actuated. 

7-26. ASfptheh particular condition might 
arise while the poNyer pump is operating. There 
could be a system leak large enough to cause * 
. fluid loss down to the top of the standpipe (E) 
in the reservoir. (See fig. 19.) In such a case 
there is still an emergency supply of fluid 
available for the hand pump. We do not want to 
lose it by pumping it into the accumulator. Here 
again we see the importance of the check valve 
(M). 

7-27. The Complete Hydraulic In- 
stallation. In most aircraft hydraulic in- 
stallations, several subsystems are operated 
from the main system. Over the years there has 
been an increase in the number and size of units 
to^be actuated. This increase, in turn, has in- 
creased the power requirement. As a result, 
more pumps — a/id more int^roved lines, fit- 
ting^alves, and disconnects — are needed. In 
most ^subsystems the actuating units are con- 
nected in parallel. They may be like* or unlike 
units. Also, it may be necessary tQ,syrjchronize 
their movement. The unit requiring the lowest 
pressure wilf operate first. It may move to the 
end of its travel before the next uni^ begins to 
move. In some systems it is desirable to have a 
certain sequence of unit operation. Also, 
^ varying speeds and operating pressures may be 
desirable; for safety purposes, an emergency < 
system must be incorporated. 

7-28. To get the desired results from a 
hydraulic system often requires specially 
designed units. To understand our modern air- 
craft hydraulic systems, you must gain a fund of 
knowledge. You must be thoroughly familiar 
with the pertinent principles. You must also 
know the construction and operation of each' 
uinit used in hydraulic systems, or at least of 
i^resentative types of each unit. In later chap- 
ters we shall discuss units typical of those used 
in the various aircraft systems. 
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I. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

II. 
12. 
13. 
14. 
15, 
16. 
17. 
18. 
19. 



• / 

25 psi 
1000 lbs ^ 
0.5 sq in 
25 psi 
1200 lbs 
10 sq in 
50 psi 
2000 lbs 
0.75 sq in 
2 in 

2 sq in 
20 cu in 

3 in 

1 sq in 
5 cu in 
5 in 
5 sq in 
20 cu in 

A. P - 50 psi"" 

B. F - 250 lbs 
B. P - 50 psi 



Answer to Practice '^Exercises 



20. 



21. 



22. 



23. 



24. 



A. A 

B. A 
B. P 
A. F 

A. P 

B. F 
A. F 

A. P 

B. F 

C. P 
C. A 
.A. F - 

a:p - 

B. F - 

C. P - 
C. A - 
A. F - 

A. P - 

B. F - 

C. P - 
C. A - 



- 2 sq in 
4 sq in 

- 400 psi 

- 200 lbs 

- 200 psi 

- 400 lbs 

- 2000 lbs 

- 500 psi 

- 1000 lbs 
50q psi 

■ 6 sq in 

- 1500 lbs 

- 500 psi 

- 500 lbs 
500 /si 
2 sq in 
500 lbs 
100 psi 
300 lbs 
100 psi 
6 sq in 



25. 



26. 



27. 



28. 



.29. 



30. 



A. V . 

A. L ■ 

B. A - 

A. A ■ 

B. V - 
B. L ^ 

A. V m 

B. V - 
B. A - 

A. V - 

B. V .- 

C. V - 
C, L - 

A. V - 

B. V - 

V A 

L >r 

V - 

B. V » 

C. V « 
C. L - 



C. 
C. 
A. 



■ 40 cu in 

4 in 

5 sq in 

■ 5 sq in 
20 cu in 
2 in 

15 cu in 
15 cu in 
? sq in 
10 cu in . 
40 cu in 
30 cu in 
5 in 

30 cu in 
50 cu in 
20 cu in 
5 in 

20 cu in 
25 cu in 
5 cu in 
1 in 
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pntudraullc System Sih^ply Units 



IN CHAPTER I, we discussed hydraulic prin- 
ciples, laws, basic units, and basic systems. We 
hope that this discussion has strenfgthenid your 
insight into these laws and principles. They 
determine how units and systems will be built. 
They determine what units and systems can and 
cannot do. It is important that you have a basic 
knowledge of the principles of operation of 
these units. This will help you in order to un- 
Iderstand the function of any hydraulic system. 
You may frequently be called upon to diagnose 
aircraft-hydraulic system troubles; you can do 
this only if you are familiar with the units in the 
system. With this knoM^ge, you wjll be equip- 
ped to more easily ifolate system troubles. 
Remember — know your system! Know your 
units! 

2. The level of maintenance that you are to 
pe^orm jJetermines the extent to which you 
smuld be trained. The depot level requires 
werhaul, repair, and testing otjndividual units, 
fhcre the mechanic should /6e a highly trained 
tectlnician in his particular fieldT^The ia- 
^ermediate maintenance level performs periodic 
inspections, troubleshooting, and removal and 
replacement of units. It requires well-trained 
mechanics who know the aircraft and especially 
the system related to tlfeir particular skills. 
Organizational maintenance personnel perform 
the every^Liy .servicing an|^ upkeep of the air- 
craft. At this level, work may be performed by 
mechanics with less-antensive knowledge in a 
specialty. At any time you may be assigned to 
any one of these maintenance levels; therefore, 
the more thoroughly you are trainec^^ thennore 
the Air Force and you will benefit by your 
knowledge. 

3. The units that we shall desvibe in this and 
the following chapters may be divided into 
groups. The first group contains those units 
necessary to provide the system with a fluid 
supply. It includes reservoirs, filters, hand 
pumps, poWer pumps, and accumulators. 



A. 

B. 
c. 

D. 
E. 




Pressurization air port 
Filler neck 
Sight gife 
Power pump outlet 
Hand pUmp outlet 

Fifure 20. Typical hydraulic iluid reservoir. 



Relief valve ^ 
Standpipe 
Filter element 
Return port 
Screen 



8. Hydraulic Fluid Reservoirs ^ 

8-1. The reservoir is the fluid ''storehouse** 
for the airtraft^fiydraulic system. It contains 
enough fluid to supply the normal operating 
needs of the system. It also needs to contain an 
additional supply to rcpldite fluid lost through 
minor leakage. Construction of the reservoir 
varies with different aircraft, but all types serve 
the same purposes. 
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RETURN 



AIR CHARGE 



A. 
B. 
C. 
D. 
E. 
F. 
G. 



Pressure gage ^ 
Indicator pin 
Overbo^ vent line 
Check valve 
Reservoir 
Relief valve 
System return Vrcxy, 



H. 
J. 
K. 
L. 
M. 
N. 



System pressure line 
Pump supply line 
Accumulator piston 
Rdservoir piston 
Reservoir piston extension 
Accumulator 
Filler valve 



Figure*2l. Piston -pressurized reservoir (air Ijrpe). 



8-2. All rcsci]^oirs have a data plate near the 
filler cap; refer to it before servicing the iystem. 
Thjs data plate gives the specification* of the 
required fluid, its color, and the dipacity of the 
system. It gives the required setting various 
mechanisms as well as instruQtions for filling 
the I'eservoir, ( 

8-3. Most of our modern aircraft fly at very 
high altitudes where the atmospheric pressure is 
low. To insure that the pumps are being con- 
stantly supplied with fluid, the reservoir must 
be prcssurized^his can be done by one of 
several methoi^ ti^jr vcntwr tee, tf^e jet pump, 
or by compressed ^ir from the jet engines. 

8-4. Conventional Reservoirs. A con- 
ventional reservoir is shown in figure 20. Most 
reservoirs of this type have a space above the 
fluid, even when they are full This ailoWs the 
fluid tp foam and thus purge itself of air bub- 
bles that are normally picked up. In un- 
pressurized reservoirs^, the pressurization air 
port (A) serves as an overboard vent. In this 
case the line contains a check valve to prevent 
fluid loss during acrobatics. The sight gage (C) 
gives a visual indication of the amount of fluid 
in the reservoir. This is an added precaution to 
prevent foreign matter from entering the 
system. The reservoir is serviced through the 
filler neck (B) and screen (K). Under no cir- 
cumstances should the reservoir be serviced 
with hydraulic fluid of unknown origin. A new 
can should be opened when you fill the system. 



To further insure cleanliness, the fluid entering 
through the return port (J) passes through a 
filter ^lement (H) before returning into the 
system! Should the filter element Jbecome 
clogged, the relief valve (F) will open* It i^ set 
to open at pressures more than 12 pt'si, where 
upon the fluid will enter the reservior. 

8-5. On 'Some- aircraft the emergenqy 
hydraulic system gets its fluid from the main 
system reservior. In such systems, a standpipe 
(G*). is connected to the main syst^n;! or power 
pump outlet (b). Suppose that a line were to* 
rupture somewhere in the main system. If so, 
the pump would. contin\ie to pump fluid over- 
board until the supply bfecame exhausted. Also, 
we would find it impossible to maintain any 
^ pressure in r'h^ system. Therefore, the 
emergency systenni rflust be used. The standpipe 
p/event3 the main system pump from taking 
fluid whenever fhe le^ drops below the top of 
the staricipipe. This^4eeps enough fluid in the 
bottom of the reservior to supply the hand 
pump for emergencies. The fluid is taken out 
through the hand pump outlet (E). 

8-6. On other aircraft a separate emergency 
reservoir is used for emergency operation. The 
hand pump, you remember, serves two purposes 
— emergency operation and ground test. 
Usually, the emergency reservoir fluid supjply is 
not used fof ground test. Therefore, a ground 
test selector valve is used to select the source of . 
fluid supply for the hand pump. Design'^of^ 
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emergency systems in aircraft varies even more 
than that of normal syy^tem^. Every aircrllft has 
its own specific emergency requirements. The 
selector valve, then, will send fluid from either 
the main orahe emergency tank to tijj^ pump. 
Ffom the main supply tank, the' fluicAfiay be 
taken from either the standpipe or the bottom. 
Thesselector^v^jyc lets us ground test wit|i main 
reservoir fluid in the hand pump. During flight 
emergencies the hand pump uses emergency 
reservoir ttuid. Whenever the hand pump is 
inoperative on the ground, check the fluid level 
in the reservoir. It may be low. 

8-7. Piston-Pressurized Reservoirs (Air 
Type). Reservoirs used on most aircraft vary 
somewhat- in construction from the one shown 
in figure 20; however, they ^ill serve the same . 
purpose. Figure^ I shows an example of a more 
radically designed reservoir. 

8-8. Refer to figure 21; notice that thefcser/ 
voir, accumulator, and relief valve are con- 
structed as a single unit. The reservoir (E) por- 
tjpn of the assembly is a cylinder that surrounds 
a\ylindrical accumulator (N). The reservoir is 
ported to the pump supply lineSu (J) and 
system return line at (G). Therefore, me system 
return line, the reservoir fluid, and the pump 
I supply line are pressurized to the same value. 
V 8-9. The accumulator (N) portion of the 
assembly contains a hollow piston (K). The^ 
piston separatesrthe system pressure fluid cham- 
ber from the preload chamber. It could be said 
that the accumulator (N) has three purposes: k 
dampens pressure surges in the system; it keeps 
the fluid in the reservoir under pressure to 
prevent pump cavitation, and it stores fluid un- 
der pressure. The preload chamber, on this par- 
ticular assembly, is charged with dry nitrogen 
to 20&6 psi. It is charged through the filler 
valvCLlP) and indicated on the pressure gage 
(A). The main system relief valve (F),* connects 
the accumulatt)r fluid chamber and the 
surrounding reservoir fluid chamber. It 
protects the system from excessive pressures. 

8-10. How is the reservoir pressurized? 
Refer to figure 21 again. The black portion of 
the draw|j|^ represents a cutaway view of the 
reservoir piston (L). The black portion that ex- 
tends to the right represents the 'extension of 
the reservoir piston/ The nitrogen charge in the 
preload chamber cUn act on the end of the 
piston extension (My The piston extension area 
on which'^he nitrogen charge acts is small. Yet 
it ir large enough to force the reservoir piston^^ 
(L) to the left. This causes the piston head to 
pressurize the reservoir fluid to 60 psi when the 
pumps aren't running. WhedTthe power pumps 
are operating the system pressure line (H) is 
pressurized to 3000 psi. This automatically in- 

18 



creases the nitrpgen pressure to 3000 psi 
through movement of the accumulator piston ' 
(K)^ This increased nitrogen pressure will cause 
ihe^servair piston (L) to be forced to the left. 
It will move with enough force to pressurize the 

reservoir fluid to 90 psi. 

" ■ . «s 
8-11. The indicator pin (B) in figure 21 tells 
you when the^ system needs servicing with ^wd. 
When ^he pin is ' flush with the reserdkoir 
housing, the system needs fluid. Servicing the^ 
reservoir is quite easy. A portable test stand is 
hooked to the return line (G), and fluid is pum- 
ped into the system. Adding fluid causes the 
reservoir piston (L) tp move to the right. When 
the reservoir is full, the movement of the piston 
pushes the indicator pin (B) out. The reservoir . 
is built so It cannot be overfilled. Notice the 
position of the reservoir piston {L)\n figure 
If it moves any further to the right it opens a 
drain port to the overboard vent line (C). All 
excess fiuid will dump overboard through this 
port as fast a^t is pumped in. Because of air- 
craft configuration (arrangements of parts), all 
fiuid does not always drain out of the over-^ 
board vent line. When the system loses fluid, 
the piston (L) will move to the left. This opens ^ 
the drain port to the backside of the piston. 
Now t^e trapped fluid in the vent line^(C) can 
drain back into the area behind the piston (L). 
From there it will leak into the fuselage past the 
indicator pin (B). To prevent this back flow, 
check valve (D) is put into the overboard vent 
line (C). 

8rl2. Piston-Pressurized 
(Airless Type). The air-type 
discussed uses air pressure to 
fluid. Now we will discuss a 
spring tension and systems 



Reservoirs 
reservoir jM$t 
pressurize the 
type that i^ses 
pressure^^Po 



pressurize rthe reservoir. 

8-13. Refer to figure 22. The reservoir con«- 
sists of a barrel (C), with pump supply line (N), 
system return line (O), filler valve (A), and 
relief valve vent line (B). Therefore, all these 
lines are pressurized to the same value. They 
are also the same as fhe fiuid confined to the 
area between the reservoir piston (D) face and 
the barrel* (C). 

8-14. The opposite end of the reservoir is 
referred to as the head (F). It contains piston 
spring (E), pressurization piston (L), system 
pressure line (H), indicator rod (G), and relief 
valve (J). 

8-15. Now, how is the reservoir pressurized*/ 
With the reservoir at ihe-^full level, the piston 
spring (E) will force the reservoir piston (O) to 
the right. This pressurizes the reservoir fiuid to 
5 psi when the system is in operation. When tjje^ 
power pump is operating, the system pres^re 
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A. Filler vjilvc 

Relief" valve vcni line 

C. Barrel 

D. Reservoir piston 
Piston spring 

K Head 

G. indieator rod 



Figure 22. Piston -pressurized reservoir (airless type). 



H. System pressure line 
J. Retiel' Valve ^ 
K. Overboard vent 
L. Pressuri/atiiin jiisttin 
M. Overboard d*rain 
N. Pump supply line 
O. System return liae 
P. Filter 



line (H) is pressurized to 3000 psi. System 
pressure acting on the pressurization piston (L) 
will cause the reservoir piston (D) to push 
harder to tfjg right. This increased force will 
be enough to pressurize the reservoir fluid to 
30 psi.^ Referring to figure 22. notice that any 
leakage past the piston (D and L) seals should 
dram off. Overboard drain line (M) in the 
thU^' ^^'^^^ reservoir barrel (C) perhnts 

/ 

8-16. The reservoir is pressure filled through 
a self-sealing filler valve (AT), using a portable 
test stand. When not in usj. the filler valve is 
protected by a dust Cap. Arf in-line screen-type 
filter (P) is installed in the fill line. It prevents 



foreign objects from entering the . reservoir 
during servicing operation. A direct reading in- 
dicator rod (G) is mounted in the reservoir 
head (F). It is a spring-loaded rod, visible 
through a slot in the indicator housing. Reser- 
voir coatent is shown by an index mark on the 
indicator rod. This index mark moves between 
the FULL and REFILL marks on the indicator 
housing. 

8-17. A relief valve (J) is mounted in the 
head (F). It is connected to the barrel (C) 
through an external relief valve vent line (B). If 
the reservoir is overserviced. the reservoir 
piston (p) will push against the relief valve (J' 
and open it. This allows the excess fluid tr« 
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drain out the overboard vent (K). This valve 
can also be pulled out manually. This permits 
the relief valve (I) to be used for draining and 
bleedi^ag operations. t 

8-18. Hydraiiiic Reservoir PressurrpiiiQn. 
In most hydraulic systems, it is necessary to 

"prfcssurize the^uid reservoir. This is especially 
true in higl|i akitude*type aircraft. As altitude 
increases, atmospheric pressure decreases. With 
little or no prissure on the fluid, it tends^to 
foam. Foaming in the jcservoir causes air bub- 
bles to form throughout the fluid, thus in- 
troducing air into the system. Also, the pumps 
will be starved for fluid at high altitudes 
unless some means of pressurization is used. At 
high altitude the atmospheric pressure is^ery 
low. There is very little pressure pushing down 
pn therfluid in an unpres^urized reservoir. This 

^ cafi result in cavitation (the development of a 
cavity) in the suction line of the power pump. 
That is just what happens when the suction of 
the pump suddenly creates a vacuum cavity in 
the suction line. The ef^ct is like a vapor lock 
on an automobile fuel^ pump. The remedy is to 
pressurize the supply tank. There are several 
methods of pressurizing a reservoir.^ The 
desired pressure to be maintained ranges from * 
approximately 4 psi <(#35 psi. The ex^ct psi 
depends upon .the type of system osed. The 
pressure is held at the proper value by the use' 
of an ?ir-pressQre regulator. The regulator con- 
tains a relief valve for use in case of regulator 
failure. Some systems receive th#air pressure 
directly from the aircraft cabin preissurization 
iystem. Jet aircraft systems receive the pressure 
fr.^m the engine compressor section. In some 
systems, an additional hydraulic or electric 
pump is installed jn^the fluid outlet line of the 
reservoir. This insures a positive flow and 
pressure to the power pumps. 

8-19. Venturi-tee method of reservoir 
pressurization. The schematic of the venturi-tee 
method of reservoir pressurization is shown in 
'figure 23. This method works on the principle / 
of fluid flow through a venturi that we J 
discu^ed earlier. Turn back to figure 4; notice 
that it shows a pressure drop where fluid 
passes through the center of the venturi. In the 
system shown in figure 23, you can see that the 
return flow from C passes through a venturi tee 
(B). From there it enters the reservoir. The low- 
pressure area at the center of the venturi draws 
in filtered air through the passageway (A). The 
combination of fluid and air then continues on 
into the reservoir (E). Within the reservoir, the 
air leaves the fluid and rises to the top of the 
airtight reservoir; there it builds up an internal 
pressure. A reservoir relief valve (F) prevents 
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A. Air passage to venturi Bypass relief valve 

B. Venturi icc M^crvoir 

C. Intake p«irt F- Reservoir relief valve 

Figure 23. Venturi-tee reservoir pressurization. 

air pressure from exceeding the desiretl 
pressure. Anot'her relief valve (D) allows any 
return fluid in excess of 20 psi to bypass the 
venturi tee. 

'8-20. Jet aircraft reservoir pressurization 
system. Figure 24 shot^ a typical jfservoir 
pressurization system used on most of the 
modern jet aircraft. Notice that the engine's 
bleed air (from engine compressor section) first 
enters the system through a shutolT valve (I). 
It then passes through a dehydrator unit (A). 
The dehydrator unit consists of a housing and a 
cartridge that removes moisture f|^om the air. 
The moistuce content is shown by a small in- 
dicator at the top of the cartridge. The unit is so 
designed that the cartridge can be replaced 
without disconnecting any of the tubing. Next, 
the air passes through a filter (B) arid a flapper 
check valve (C) to a pressure regulator. The 
flapper check valve prevents loss of reservoir 
pressure when the jet engines are not operating. 
The pressure regulator (D) controls pressure at 
,all altitudes. When the reservoir pressure 
reaches its maxinium setting, tl;e regulator vents 
the excoss^^rr^>yerboard. When the reservoir is 
unpressurizedi the regulator lets ambient air 
into the reservoir through a filter (E). The filter 
prevents diri from entering the reservoir. After 
pg^ssing thtrpugh the regulator, the pressurized 
ai^ enters the tpp of the reservoir (G). A reser- 
voir ri&lief va}Ve (H) limits maximum pressure if 
theV regulator should fail. A depressurization 
valv^e (F) Is in th'e top of the reservoir or in the 
center of th^ filler cap. It is used for relieving 
reservoir pressurization before any servicing or 
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A. Dchydrutor pt>rt 

C. Check valve 

D. Pressure regulator 

E. 'KHter 
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F. Deprcssurii^uiiitn valve 

G. Reservoir 

H. Rescm>ir relief valve 
1. ShutotY Vw^lve 



Figure 24. Jet aireraft reservoir pressurizatio.n. 

maintenance is performed. It is a spring loaded, 
manually operated valve. 

8-21. Suction boost^ump pressurization, A 
few paragraphs back we told why we must 
pressurize the suction line to the power pumps. 
We have also discussed various methods of 
pressurizing the reservoir. With the suctiot! ' 
boost pump system, the reservoir itself is un- 
pressurized, but the fluid to the pump is under 
pressure. 

8-22. Figurd .25 illustrates a suction boost 
piimp pressurization system. The suction boost 
pump is a centrifugal-type pymp, driven by an 
electric or a hydraulic motor. This type of 
pump supplies a large volume of fluid at low 
pressure. An example of output would be zero 
to 20 gallons per minute ^ith a pressure of 70 
to 100 psi. This will insuve an adequate supply 
of fluid to the engine-driven pump(s). They 
cannot possibly produce cavitation when the 
boost pump is running. 

8-23. Downstream from the suction booli 
pump, we have a pressure switch and a check 
valve. The pressure switch is connected to a 
warning light which will illuminate anytime the 
pressure is too low. The check valve is installed 
to prevent a reverse flow from the pump to the 
reservoir when the system is not in operation. 
By using this type of system, the reservoir filler 
cap can be removed at any time for servicing. 

8-24. Maintenance of Reservoirs. There 
aren't very many problems in maintaining a 
reservoir, since it is not a very complex unit. 
Yet. there are a few things that should be ob- 
served in the daily care of this component. 

8-25. Servicing reservoirs. When servicing 
reservoirs, follow the special instructions on" 
the data plate. Furthermore, adhere strictly to 



applicable technical order directions. These 
two sources will give information on servicing 
instructions, fiuid specification, reservoir and 
system capacity, and position of th,e various 
mechanisms during servicing. Remeniber. too 
much fiuid is just as dangerous as^t, enough 
fiujd. For example, a .conveniionalftlpe reser- 
voir (as shown in fig. 20) can easiljTfbe Qvef- 
filled. Tfiis could cause it tq rupture 4nd result 
in a complete loss of the entire systeni, Over- 
servicing the piston-type reserv^rs. as 
illustrated in figures 21 and 22. is ali||?st im- 
possible. It is prevented by the aUlbmatic 
operation of the overboard vent lines^^These 
reservoirs are pressure filled with a tes(|5tBnd. 
Therefore, the reservoir case could be ct^^ok^ 
b^filling too fast. Finally, always make ^pre 
t^t the fiuid is clean and uncontaminated\ 

8-26. Removing and replacing reservoirs. As 
a pneudraulic mechanic it may be necessary fbf 
you to remove apd replace a reservofi. 
sometime.' If ^.ou do. you must folljlW T^\ 
procedures exactly. Only then, can you be sure\ 
that you have done the job right. Some general \ 
procedures to observe in the removal of a^i%5er- 
voir are as follows: ^ 

/ y^Make sure that there is no pressure in the 

\_«servoir. 
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Figure 25. Suction boost pump pressurization. 
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A. Head ' 

FiUcr .clement 



C. Case * ' 

D. Relief valve 



Figure 26. Micronic fiUer, ' 

h.^ Dr^in all fluid from the reservoir. f 
c Cap and plug all fittings, ports, an4 lines 
after unit is removed. « - . 

d. Fill a removed piston-type reservoir to> 
about 90 percent fluid capacity ^ith <jlean 
hydraulic preservative oil, ^4IL-^H -^6083*? 
Then cap ojr plug all ports to prevent fekkagp. 

General procedures to observe before and 
during the installation of a reservoir ^re: 

a.„ Check the reservoir shipping criitc for 
damage. If the crate is damaged, the coitiponent ' 
may also be damaged. 

h. Remove caps and plugs, then cljFain preser- 
vative fluid from piston-type reservoirs. 

Using new gaskets; and O— rings, irist^tP^ 
necessary fittings. Do not tighten fittings iun^t. 
reservoir is fastened into position and ftttingk 
are aligned with connecting lines. V 

d. Service according to instruction' oh; daita 
plate or existing technical order. 

8-27. Observe strictly all warning and 
caution notes during removal and installation. 
They concern personal ^^f^^otential damage 
to equipment, and the riecessity'fer cleanline^^ 

8-28. We have mentioned, tnK coipfilejt 
nature of many hydraulic units before* Valve's, 
cylinders, poppets, and other parts arc sb l^ely. 
machined that even a very minute particle' 
lodged in a unit can cause malfunctions. 
Therefore, it is most important to keep foreign 
matter and dirty air from entering the reservoir. 



Line filters are located, at various points 
through the system to keep the fluid-clean. Ven* 
filters are. used .in the reservoir vent linel to 
clean the air that enters the resl^rvoir. Also, it is' 
desirable to be able to quickly disconnect a line 
without loss of fluid. ; 

9. Filters and Quick Disconnects 
^ 9-1. The purpose of flui^ and air filters js \q 
remove foreign particles from the fluid or air. 
. They are quite similar in construction, but dif- 
fer in details and materials used. Although a 
filter is not a complex ufhit, it is tremendously - 
important, Propej care: of the filter is equally- 
important. Dirty Jluid is (he deadliest em^my of 
any hydraulic system! 

■*■» 

9-2. Pressure and Return Line Filters. 

i»Pressure line and return Irne filters are 
geherally constructed like the one shown in 
figure 26. The main parts .of thisYilter are: case, 

Ihead, filler'element, and r«{ief valve. The case 
(C) contitte the element (B). The head (A)' 
screws onto the ca^e and has an 'Mn" port, "out" 
port, and r^^lief vajve (D).-Th6 normal flow of 
fluid thfbugh this filter is in through the "in" 
pljrt. The fluid fill? the ease around the outside 
of the element. It then flows through the 
element to the inner chamber, and out thrDugh 
t^ie "but" port. . 

*^ 9-3. Thi^ilter eljsment is made of a spe'cjjaliy . 
. treated cellulose paper. It is commonly cal-j^ 'J'^^ 
mrfcrow/c-r>'pt' elemem However,, the eleipi^lp:*^^ 
could have been of sintered bronze 
powder pressed into* shapes under heat). It 
could be a woven wire, a one-piece corrugated 
wire mesh, orfa corrugated sintered stainless 
steel mesh. Alsa, a magnetic-type element can 
be . used with any of the elements merltioned 
above. This is called a duaWelement-type filter. 
°Thie elements listed j^Mf^ generally have a 
minimum rating ofJJ)^icron pore size. The 
^ maximum rating is^^S microns (\ micron being 
^ equal to 0.00004 of ah inch). All of these filters 
|incorporate a r&lief valve, set anywhere from 50 
100 psid. Its purpose is to bypass unfiltered 
tid if the filter becomes clogged. The pressure, 
the blocked fluid will force' open the ^'^f 

>-4. In-line Filter Restrictors. Another 
type of filter thiat is used in hydraulic sub- 
systems is theMn-line filter restjictor. TWs^ype . 
of filte^r resembles a large check valve. It con- 
tains two wire mesh finger screensrthat are in- 
stalled on either side of the fixed orifice plate. 
Unlike the pressure and return line filters, in- 
line filters do not incorporate a relief valve. 
They could cause the subsystem in which they 
are located to fail if they should become 
clogged. 
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9-5. IVluliiicnancc of Fillers. Maintenance 
of filters is relatively easy, h niainly involves 
cleaning the filter and element or cleaning the 
filter and then replacing the element. Filters 
using the micronic-iype element should have 
the element replaced periodically. The time is 
according to instructions appearing in the ap- 
plicabic TO publications. Since reservoir fillers 
are of tfie micronic type, they must also be 
periodically changed or cleaned. On filters 
losing other than the micronic-type element, 
cleaning the filter and element is usually all 
that is necessary. However, the element should 
be inspected very closely to insure that it is 
completely undamaged. The^ methods and 
materials used in cleaning all filters are too 
numerous to mention. Consult the applicable 
technical order publication for this in- 
formation. - t 

9-6. Some hydraulic Jfiliers h\c been equip- 
ped wHh an indicator pin that Will visually in- 
dicate a clogged element. When this pin 
protrudes from the filler housing, the element 
should be removed and cleaned; also, the fiuid 
downstream of the filler should be checked for 
contamination and Hushed if required. Too, all 
remaining filters should be checked for con- 
tamination and cleaned (if required) to deter- 
mme the cause of contamination. In addition, 
pressure, proof, and fiow tests of filters should 
be completed as outlined in the applicable TOs. 

9-7. LincDi.sconnvcl or Quick-DiNconiiecl 
Vulvcs. These valves arc installed in hydraulic 
lines to prevent loss of fiuid when you remove 
units. Such valves are installed in the pressure 
and suction lines of the system just in front of 
and immediately behind the power pump. 
These valves can also be^ used in other ways 
than just for unit replacement. A power pump 
can be disconnected from the system and a 
hydraulic test stand connected in its place. 
These valve units consist of two in- 
terconnecting sections coupled together by a 
nut when installed in the system. Each valve 
section has a piston and poppet assembly. 
These are spring loaded to the CLOSED 
position when the unit is disconnected. 

9-8. The lop illustration of figure 27 shows 
the valve in the LINE-DISCONNECTED 
position. The two springs (A and B) hold both 
poppets (C and F) in the CLOSED position as 
shown. This prevents loss of fiuid through the 
disconnected line. The bottom illustration of 
figure 27 shows the valve in thc^ LINE- 
CONNECTED position, When the valve is 
being connected, the coupling nut draws the 
two sections together. The extension (D or E) 
on one of the pistons forces the opposite piston 
back ag^inst its spring. This action moves the 
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A. Spring 
B Spring 
C. Ptippci 

Kigure 27. 



D. Piston 

✓ E. Piston 

S F. Poppet 
Line-difsconncct valve. 



poppet off its seat and riermits the fiuid to Row 
through that section of/the valve. As the nut is 
drawn up tighter, one /piston hits a stop; now 
the other piston movei back against its spring 
and, in turn, allows fivJid to fidw. Thus, fiuid is 
allowed to continue through the valve and on 
through the system. 

9-9. Bear in mind ihat the abo^ disconnect 
valve is only one of the inany tynes pVescntly 
used. Although all line-disconnect valves 
operate on the same principle, theldetails will 
vary. Each manufac|lurer has his Awn design 
features. \ 

9-10. A very important factor in the use of 
the line-disconnect valve is its proper con- 
nection. Hydraulic pumps can be seriously 
damaged, if the line disconnects are not 
properly connected. For instance, if jhcy 
should block the ffee fiow of hydraulic fiuid 
through the system] If you are in doubt about 
the line disconnect'k operation, consult the air- 
craft's appropriate TO. 

9-.II. The extent of maintenance you will 
perform on k quick disconnect valve is very 
limited. The internal parts of this type valve are 
precision built and factory assembled. They are 
made to very close/tolerances. Therefore, no at- 
tempt should be mide to disassemble or replace 
internal parts in cper coupling half. However/ 
you may replace the entire assembly and sorr/c 
of the external parts. For example, you may 
replace cou()ling halves, lock-springs, union 
nuts, and dust cads. When replacing the assem- 
bly or any ol iho parts, follow the instructions 
it) iho applicable TO. \ 



10. Hydraulic PumpM 

10«1. Like the human heart, the hydraulic 
pump is tho sodrce of fluid flow and pressure. 
Hand pumps are simpte devices for occasional 
use. Power pumps are either ^rlven by engine 
or electric motor. Those used today are com- 
plex devices. 

10-2. Hand Pump^. The hand pump serves 
as a substitute for the pow^jr pump during 
emergencies in flight. It is a soiirce of power for 
ground check of the hydraulic system when the 
aircraft is. on the ground* 

10-3. Construction and operation. Hand 
pumps are reciprocating piston-type pumps that 
are either single- or double-^action. Most of 
them, however, are the double-acting type. 
These deliver fluid under pressure on both the 
fore and aft strokes of the piston. Figure 28 
illustrates the double-action, piston- 
displacbment-ty^epujnp. This unit consists of a 
cylinder assembly, a piston (E) containing a 
builtin check valve (C>. The piston separates 
the right chamber (D) from the left chamber 
(G).*^It has a large piston rod (B). an «$perating 
handle (A), and aVcheck vaWe (F) at the **in'' 
port. Some pumps of this type uiie a one-way 
seal in place of iht piston head check. Valve (C). 
This seal allows flow in one direction and 
prevents flow in the opposite. TJie seal is 
located between the piston and cylinder wait. It 
woi^ks likb the' leather in an kir bV water 
pump — like a bicycle pump. The left chamber 
(G) is larger than the right chamber surround- 
ing the piston rod (B). This causes fluid flow 
when the piston (E) mov^s to the right: Almost 
all modern aircraft use the double action 
displacement type pump. Wc will not go into 




A. Pump handle 

B. Piston rod 
C Check valve 
D. Right chunibcr 

Figure 28. * Dou^c-MCting dispiuccinci?i'^^pe huiul pump. 
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the operation of the hand pump here. You 
learned all that in the first chapter of this 
volume. You may review it though by turning 
back to paragraph 7-21. 

10*4. Every piece of equipment, no matter 
how simple, can malfunction. The hand pump 
is no exception. However, since it is only 
operated at short intervals, malfunctions do not * 
occur too often. They can happen, though, and, 
you can determine the cause if70u understand 
its operation. 

10-5. Paihire of either cheqk valve (C or F) 
will cause the hand pump to become completely 
inoperative. ^However, installing a thiid check 
valve in th^ pressure (our) line is a great< im- 
provement. Now, one of the check valves or the 
piston head seal could fail. Yet, tW pump could 
still produce pressure on ut least Vne stroke of 
the cycle. This third check valve prevents nor- 
mal system pressure from reaching*^ the hand 
(yjmp during normal system operation, it will 
also/ aid the mechanic in determining hand 
pump failure. If check valve (F) in the inlet port 
leaks, the pump will develop pressure only on 
th^ piston ''extension" stroke. If check valve 
(C) in the piston rod or the piston head seal 
le^ks, the pump will develop pressure only on 
the piston 'Vetraction" stroke, if the pressure 
(out) line check valve leaks, there will be no 
immediate indication >of it. In this case the 
pump will^i stiH develop pressure on both 
strokes. Kow that we know some hand pump 
malfunctions, we c^n discuss what should be 
done to maintain hand pumps. 

10-6. iCtaintenanciL Basically the care df 
hand pumps consists oF disassembly, inspection, 
reassembly^ and testing. After disassembly, 
thoroughly. clean all parts. Carefully inspect 
them for nicks, cracks, scratches, and 
corrp^ion. Alsoi inject threaded surfaces for 
damaged threads, piston shaft for distortion, 
and springs for distortion. Also check valve 
balls (poppets) for proper seating. Look for 
anything that can cause pump failure. 

10-7. Replace all defective parts that are not 
repairable at each overhaul. The same is true 
for all kitted parts (parts ordered in a kit). 
Cure-dated ^rts (natural or synthetic rubber 
items) must be replaced any time the pump is 
disassembled. Minor scratches and corrosion 
may be removed or polished out by using a 
spectned type of crocus clojh. If necessary, 
clean hiternal threads with the correct size tap. 
Next, cleaniiall external threads by Tiling or with 
the proper size die^ 

1.0-8. Before reassembly, all interal parts 
should be coated with clean hydraulic fluid 
used in the system. After the pump has been 
reassembled, test it for proof pressure and 
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A. Gage 

B. oShutofT vailvc 

C. Reservoir 



Figure 29. Hand piMip test circuit. 



leakage. Figure 29 shows the setup for testing 
the hand pump. Basically it consists of a gage 
(A), shutoff valve (B). reservoir (Q, and the 
necessary tubing runs. With the pump con- 
nected, you first pump fluid through the circuit 
with the shutoff valve (B) open. This bleeds all 
air from the system. Next, you close the shutoff 
valve and operate the pump to obtain the 
required proof pressure. Proof pressure is ap- 
- proximately I 1/2 times niormal operating 
pressure. You should control the strokes so that 
the final stroke will leave the piston in the 
retracted position. Pressure should be main- 
tatned for a specified time limit (usually 2 to 5 
minutes). Repeat the preceding step. This time, 
control the strokes so that the final stroke will 
leave the piston in the extended position. 

10-9. For the leakage test, use the pump to 
pressurize the circuit to the normal operating 
pressure. (Tjtie shutoff valve (B) is closed dur- 
ing this check.) The pressure must hold for a 
specified period of time (approximately 2 
minutes). There should be no piston creep, and 
the pressure drop should not exceed the 
specified amount (usually SO to 100 psi). 

10-10. After completion of testing, relieve 
the pressure and remove the pump from the test 
circuit. Drain the pump to the drip point. Then 
refill it with the specified preservative fluid to 
about 90 percent of its capacity. Plug all ports 
and closures and mark the rubber parts* cure 
date on the pump. Instructions for this are 
given in the applicable TO. 
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10-11. Constant-Volumc Power Pumpx, 
The primary energizing unit of the hydraulic 
system is the power pump. It is the unit that 
normally delivers hydraulic fluid under 
pressure to the actuators. It may be driven 
either by nn electric motor, turbine unit, or by 
the aircraft engine. The power pump used in a 
modern hydraulic system will be of a piston 
type. This type may be further divided ac- 
cording to method of operation and volume 
output. Most all hydraulic systerti pttmps have 
common constructional features. Power pumps 
are designed so that they can run satisfactorily 
in either direction of rotation. They are 
designed to run at a rated speed of 3750 rpm, 
or about 1 1/2 times engine crankshaft speed. 
Gear type pumps previously were used in 
hydraulic systems. An example of a gear type 
pump is the oil pump on your automobile. 

10-12. the drive shafts of all pumps have a 
shear section. This is a thinned portion of the 
shaft. If the pump seizes, the shaft will break at 
this point, thus preventing damage to the 
engine. (A permanently attached data plate 
gives the manufacturer's name, the part number, 
and djirection of rotation.) 

10-13. One of the power pumps used in 
hydraulic systems is the positive displacement 
piston type. Each rotation of this type of pump 
forces ^ fixed amount of fluid out the discharge 
port. The other type of pump ysed is the 
variable-volume piston pump. This type of 
pump will va^the volume of discharge to meet 
the momentary needs of the system. 
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D. G'yhndcr block J. pisinn 

E. Pisinn 

Figure M). Consiunl-vnlunic pision-iypc pump. 

10-il4. Constant-volume piston -type pumps 
put out a constant flow of fluid for any given 
rpm. iThe pistons, usually seven or nine in num- 
ber, are fastened by universal linkage to the 
drive shaft. Sec figure 30. The universal link 
(B) ifn the center. drives the cylinder block (D). 
This block is held at an angle to the drive shaft 
^A) I by the housing. Everything within the 
housing rotates with the drive shaft. As the 
pistion (J) moves to the lower position, its cylin- 
deirnils with fluid. When it rotates to the upper 
po$ition (E), its movement will force fluid out 
of the pressure port (G). As it again moves to 
th0 lower position, it again draws in fluid 
through the suction port (H). Since there are 
always pistons somewhere between the upper 
and lower position, constant intake and output 
of fluid results. Pumps are available with dif- 
ferent angled between the drive shaft ahd cylin- 
der block; a large angle provides more vc^ume 
output per revolution, because the larger ahgle 
increases the piston stroke. 

10-15. As the drive shaft (A) is rotated, it 
rotates the cylinder block (D) and piston 
assemblies. Notice that all pistons are always 
the same distance from their points of at- 
tachments (C) on the drive shaft. Although the 
pistons appear to move within the cylinders, it 
is the cylinders that move back and forth 
around the pistons as the block and piston 
assembly rotates. However, it is customary for a 
piston to move within a cylinder. Since this ap- 
pears to be happening, we will describe the 
pumping action of the pump in these terms. 

10-16. To understand the operation, follow 
a piston through one complete revolution. The 
piston is at the top of its cylinder. It has just 



completed its pressure stroke and is ready to 
begin its intake stroke. As the block sturts to 
rotate from this point, the piston becomes 
aligned with the intake port. When the block 
has turned one-half of a revolution, the piston 
reaches the bottom of the cylinder. The cylin- 
der space formerly occupied by the piston is 
now full of fluid. 

10-17. As the block continues to rotate, the 
piston becomes aligned with lhe\>utlet port 
slot. Thus, when it has moved through the last 
180"* of rotation, it exhausts all fluid from the 
cylinder. At this point, the pistoa is again ready 
to make another cycle.There are several pistons 
operating as described above. The cylinder 
block and piston assembly rotate rapidly. 
Therefore, there will always be a positive flow 
of fluid through the outlet port. 

10-18. The piston-type pump uses case 
pressure for cooling and lubrication. Fluid 
seeps by the pistons in the cylinder block and 
fills all the space inside the pump. This fluid 
cannot escape through the drive end of the 
pump because of a seaj placed around the drive 
shaft. Excess case pressure within the housing is 
routed back to the intake side of the pump. This 
is done through a relief valv^ xalled a foot 
valve, (Sep fig. 30, item F.) This valve prevents 
the case pressure from rising above ap- 
proximately IS psi. Notice the drilled 
passageways through the universal link rods. 
These help to keep the rod ball ends lubricated. 

10-19: Figure 30 shows the foot valve (F) 
located inside the bearing. around which the 
cylinder block rotates. Other models have the 
valve in the head together with the intake and 
outlet ports. Some of the newer models have 
two foot valves, both located in the head. The 
direction the accessory drive rotates determines 
the direction of pump action. An arrow on the 
pump head indicates the direction of rotation 
for which the pump is set up. The direction of 
rotation of a piston-type with one foot valve 
can be reversed. To do so, remove the cylinder 
block head, rotate it 180^, and reinstall. Leave 
the suction and pressure attachments as they 
were. This, in effect, reverses the intake and 
outlet port slots mentioned in paragraphs 
10— 16 and 10-17. For the models with two 
foot valves, it is not necessary to rotate the 
head. Simply interchange the suction and 
pressure line connections. \ 

10-20. The power pumps a^scussed thus far 
have been the constant-displace^ment type; that 
is, for any given rpm the volume output is con- 
stant. However, the other version of the piston- 
type pump is the variable-volume type. 

10-2L Variable-Volume Pumps. The 
variable-volume pumps have some advantages. 
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One is that its use does away with the need for a 
pressure regulator or unloading valve. Integral 
how control valves regulaic the pressure ac- 
cording to the demands made of the system. A 
second advantage is that this type pump 
provides a more stable pressure. Pressure surges 
are reduced. Accumulators are not necessary 
with systems using variable-volume pumps to 
smooth out surges. However, they are retained 
to aid the pump at those times when peak loads 
occur. >^ 

10-22. The first type of variaW^volume 
pump that we will discuss is the Stratopower 
pump. These pump; are available for operating 
pressures ranging from 1000 to 3000 psi. 

10-23. Stratopower pumps (demand prin- 
ciple). As shown in Figure 31, the drive shaft 
(E) rotates the cam (D). This cam causes the 
nine spring-loaded pistons (F) to move back 
and forth in their cylinders. The cylinders are 
in a stationary cylinder block. Creep plates 
(look like washers in this figure) on either side 
of the cam provide for cooler operation. They 
also give more even wear on the cam. In 
operation, each piston is compressed into and 
released from the cylinder, once for each 
revolution of the cam. The pistons are held in 
contact with the creep plate by piston springs. 
The springs also return the pistons ^ter each 
forward or power stroke. Each piston has a 
half-ball bearing surface which acts like a 
universal linkage. The flat side contacts the 
creep plate during all angle changes with the 
least wear. 

10-24. The pistons (F) have fairly large 
hollow centers, connected with cross-drilled 
holes. Eaoi^ piston has a sleeve (G) around it. 
The sleeves are attached to a spider (H); the 
spider is attached to the compensator (J), or 
volume control valve. An increase of pressure 
moves the compensator (J) to the right. A 
decrease of press^ure allows it to move to the 
jjefi because of the valve spring torsion. As the 
pistons travel to the left, fluid is drawn from the 
"in" port (N). It passes through the open center 
of the cylinder block, and then into the cylin- 
ders (L). At this point, hydraulic fluid will fill 
the center af the pistons. Some fluid will con- 
tinue to flow out through the cross-drilled 
holes and on to the pump*^ return port. The 
return port is on the drive end of the pump. As 
the pistons are forced to the right by the cam 
(D), the cross-drilled hole of each piston is 
blocked off by its sleeve. 

10-25. About the lime the cross-drilled 
passage is blocked off, the supply annulus (K) 
that surrounds , the cylinder is also blocked off. 
An annulus is a ridgelikc or a groovelike ring. 
It is located around a shaft or around the inside 



of a hole. It provides a route for fluid flow. 
This, in turn, traps the fluid in the piston and 
cylinder. As the piston continues on to the 
right, pressure builds up against the check valve 
(M). Fluid under pressure goes out the check 
valve into the pressure chamber (B) and 
through the "out" port (A), When the piston 
moves as far right as possible, the cycle starts 
v ail over again. ^ 
\ 10-26. This cycle is ih^ same for all nine 
ptstons. As pressure rises in the pressure outlet 
line, it»is also fell in the passageway (C). This 
pressure acts on the compensator piston (J) for- 
cing it to the right. This compresses the spring 
and carries the spider and sfeeves /{H and G) 
with it. The more the sleeves move to the right, 
the farther each piston will travel before the*, 
cross-drilled passage is covered. (See fig. 32.) 
This means that less fluid is trapped by the right 
end of the popiston for output to the pressure 
manifold. The maximum setting of the com- 
pensator is when it is all the way to the right. 
Then the output to the pressure manifold drops 
to zero. (See fig. 32.) All intake of the pump 
then goes out the return port. Rotation of the 
cam draws fluid through the pump for cooling 
and lubrication. There is always fluid being 
pumped through the "in" port. But, fluid will 
not be pumped through the "out" port until 
systen^ pressure drops low enpugh to demand it. 

r 10-27. This pump can also be rotated in 
^^^^either direction with no changes. Always con- 
nect the proper lines to the ports marked IN, 
OUT, and RES. The use of this type of pump 
also eliminates the need^ for a pressure 
regulator. The compensator serves nearly the 
same purpose. Adjustment of maximum 
pressure may be made by^turning the adjusting 
screw (O). Turning it clockwise increases, and 
counierclock wise decreases. 

10-28. Various other types of ^variable- 
voliirfl^ pumps operate on the stroke-reduction 
principle instead of the demand principle. 
However, we will discuss only two types, the 
Vickers and the Kellogg. 

10-29. dickers stroke-rcdnction-type pumps. 
These have many parts similar to the constant 
vdjunie piston-type pumps. Also, the drive shaft 
(A), pisioiiN (N), and cylinder block (D) all 
rotate in the siruke-reduelion-type pump. (Sec 
fig. 33.) 1 hey are supported by the bearing (B). 
The main different^, between this pump and the 
constant-volume pomp is the angle between the 
drive shall and liie cylinder. block. In the con- 
stant-volume pump, this angle is fixed, while 
the angle of the variable-volume pump varies 
automatically. Its angle depends upon the« 
pressure-volume demands of the system. 
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Figure 33. 



Variable-volume pump, strol^e reduction type 



10-30. A yoke (C) ^contains the cylinder 
block, which swivels around the pivot pin (O). 
The pivot pin is follow and designed to provide 
a passage for thrg>ump s miet .and outlet fluid. 
Before the pump builds up any pressure, the 
yoke^^s'ltekUn the position shown in figure 33. 
FULL FLOW. The spring in the pressure con^ 
irol piston (L) holds it there. When outlet 
pressure is at maximum, the yoke (C) is held in 
position shown in figure 33,.ZERO FLOW. 

10-31. We start with zero pressure in the 
system. The cylinder block and yoke are in the 
extreme angle position, as shown in figure 33, 
FULL FLOW. As the pump builds up system 
pressure through th*e outlet port (0>, it acts on 
the pressure control valve (H). System pressure 
entering the connecting line (G) acts on the 
pilot valve (J). It pushes this valve down against 
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the spring towards the ZERO FLOW position 
(fig. 33). This opens the passageway (F), sen- 
ding pressure against the rod side of the 4:ontrol 
piston (L), As the position moves t6 the left it 
compresses its spring. This force, transmitted 
through the valve plate (E). causes the yoke (C) 
to tjwivcl upward. The cylinder block moves 
toward a zero angle with the drive shaft ZERO 
FLOW. If it reaches the extreme ZERO FLOW 
point the fluid output from the pressure port is 
zero. This is because rfte pump pistons have no 
stroke in the cylinder block. They simply rotate 
with the cylinder block without moving 
back and forth. 

10-32, As the pressure in the^ystem starts to 
drop, its force on the pilot valve (J) is reduced. 
When this happens, the spring under the pilot 
valve moves it upward. This reduces the 
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opening to the passageway (F) and cuts down 
the pressure on the pressure control piston (L). 
Its spring pushes this piston to the right. Now 
the yoke (C) swivels downward thereby causing 
the stroke of the pistons to increase. The 
pressure and volume output again start to in- 
crease until the system's demands are met. 
Thus, the action of the control valve (H) 
stabilizes the position of the control block (D). 
it adjusts its angle to meet the system demands. 
Notice the hollow center of the control piston 
(M) is vented to the inside of the case. Fluid 
trapped inside the piston can excape^o the 
case. A foot valve (not shown) prevents case 
.pressure from becoming too high. Direction of 
rotation of this pump cannot be changed. 
Therefore, you must be sure to check the direc- 
tion arrow on the mounting flange before in- 
stalling. The maximum pressure is adjusted by 



higure .M. KclU>g pump 

turning the adjusting screw (K) io iii^case or 
decrease it. An internal relief valve prevents 
damage in case the pressure contrul valve fails 
to function properly, 

10-33. Kvllo^ii^ strokvrcductioH'type pumps. 
Figure 34 shows a schematic of the Kellogg 
pump. This pump delivers 15 galloons per 
minute (gpni) at a minimum piamp speed of 
4200 rpm. At a maximum pump speed of 7300 
rpm, it delivers 28 gpm. The pump is made up 
of two major component groups. They are the 
rotating group and the pli^sure-compensating 
group. The rotating group consists of the drive 
shaft (D), the cylinder barrel (B), nine pistons, 
and the piston shoes and locking ptate {C). The 
pressure-compensating group consists of a com- 
pensator valve (F). stroking piston (G), and a 
cam plate (E). 
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- ^1:9*34. The cylinder barrel (B) has a fluid 
inlet^nnulus (slot) in its face "to supply the 
cylini^ijrs. It is long enoughp serve during the 
intake jiiprtion of one revol|tion. An outlet an- 
nulus sd|ves the dischar^fe portion of one 
revolution. The barrel isj'pupporied in the 
housing by a roller bearing|A). The drive shaft 

(D) passes through, but dofe^not touch, the in- 
clined cam plate (E) to/||¥)tate the cylinder 
barrel (B) unit^Pistons, o|p^'the rotating group, 
are actuated by jilting non rotating cam plate 

(E) . The conh^ a universal action. It con- 
sists of hydraOHj^ly balanced shoes and 
locking plate (C). TlJb4ength of piston stroke is 
determined by the dfigltt setting of the cam 
plate. Maximum pump outei^ requires a high^ 
angle; zero pump output y^tfif c o a-^^Qaj^ angle 
setting. 

10-35. The lower piston in figure 34 is 
shown near the beginning of the intake stroke. 
As the cylinder unit is rotated^ the piston moves 
to the left in its individual cylinder. The face 
port of this cylinder is aligned with the fluid 
inlet annulus for neach^ one-half of a 
revolution. Hydraulic fliWis sucked into the 
cylinder as the piston is withdrawn. The top 
piston in figure 34 is fully withdrawn and has 
just passed the end of the inlet annulus. This 
annulus is connected to the fluid inhcl (H). Fur- 
ther rotation forces the piston to tfie right. The 
cylinder will then be aligned with the outlet an- 
nulus during the discharge stroke. This stroke 
lasts until the cylinder and piston reach the bot- 
tom position in figure 34. The outlet annulus is 
connected tojhe outlet port (J) and the com- 
pensator valve (F). 

10-36. We have described the intake and 
discharge srrokes i)f one piston during 360° of 
cylinder rt)iaiion. At the same lime, there are 
eight other pistons on the intake and discharge 
strokes, all doing the same thing. Their pum- 
ping action continues until the fluid needs of 
the system are satisfied. Fo^^iance. when a 
subsystem actuator compleW^W^ travel, the 
need for pump output is reduced to zero. The 
pump senses the end of the actuai\)r travel 
because the unused output causes a sudden in- 
crease in discharge pressure. As this, pressure 
reaches the setting of the Compensator valve (F) 
it pushes the valve to the right. The pressure 
then can push on to the stroking piston (G). 
There it causes the stroking piston to move to 
the left and v\x*rccises the angle ol the earn plate 
(E). Thus it decreases the eneeiive length of the 
piston stroke and the volume of fluid delivered 
to the system. In actual operation, the cam plate 
assumes various angles to maintain the systems 
proper* pressure. It'^will nieei*all fluid demand 
conditions within the rating of the pump. A 



pump check valve (K) is installed in the pump 
outlet line. It prevents return flow into the 
pump during operation of the system with a 
portable test stand. Reverse flow of hydraulic 
fluid woj^l^jjiotorize the pump. 

10-37. Maintenance of Pump.s. The repair 
and overhaul of hydraulic pumps is done at 
depots. This work requires use of special tools* 
and complex test equipment that many bases do 
not have. However, if you have a test stand, you 
should bench check every pump before you in- 
stall it on an aircraft. The bench check 
procedures that vary with every pump are very 
exacting. Therefore, we will not give them here; 
instead, follow the TO when you make a bench 
check.. ^ >^ 

11. Hydraulic Motors* 

I I -I. Since this chapter pertains to system 
supply units, the discussion of motors may seem 
out of place. Yet. motors operate on the same 
principle as pumps, but in reverse; therefore, 
the most Jogical place to discuss motors is in 
this chapter. "l 
I 1-2. The hydraulic mgior shown in fl^tm: 
35 is a variable-displacement, axial -piston, 
roiaiing-cylinder-bloek urlii. It delivers a 
minimum of 16.6 horsepower at 8000 rpm, 
This particular motor is used io drive an ac-dc 
generator at a constant rpm. An ac generator or 
alternator must put out the same number of 
cycles per second, under all load conditions. 
This f^pi requires the use of a very sensitjve fly- 
weight type of governor on the motor. F(t com- 
ponents where the rpm is not critical, a^con- 
siani-displaccment-iype hydraulic iiU)H)r would 
lik^ily be used. The rpm of this latter type motor 
\yould probably be Controlled by constant fli)w 
valves. Su^h a valve would be connected in 
either the inlef or outlet lines, or both. 

I 1-3. Opcralion. If you understand the 
operation of the motor in figure 35. you should 
have little trouble with others. Now turn to the 
figure. When the hydraulic system is 
pressurized, fluid pressure is exerted on the 
pistons (B) of the cylinder block. It also must 
g(> to the closed starling valve (H) of the motor. 
Although normal system pressure will sustain 
eyimder and generator rotation, the rotation 
must first be started. Starling is accomplished 
hy the starting valve (H). When system pressure 
builds up to I 800 to 2200 psi. the starting valve 
IS moved to the right as shown. This action 
aligns a passage which permits fluid, under 
pressure to move the control piston (K). The 
control piston moves the bottoiii of the wobbler 
plate (A) to the right with sudden force 
Movement of the wobbler gives kick to the 
pistons (li) to give the eyiiiuler hloek an initial 
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.gure 35. n>i}i.iulie <. i\4«ffi(«i( 



spin. Ihcrwaftcr. system prcsMuc mai . :iins 
nUation of the cylinder block. 

1 1-4. As hyifrnulic pressure continues »»' in- 
crease» motor speed .ill increase. As tnc 
rotational speed increases* the governor Hy- 
weights (D) begin lo p\vo\ i-utward. This action 
causes ihi, governor control valve (C) to be 
moved proportionately to the left. This 
movement gradually blocks the pressure to the 
control piston (K). When the passage is conv 
pletcl> blocked* pressure is iv> longer exerted 
on the control piston, and the motor ceases to 
increase speed. This is referred to as an "on 
speed* condition. 

I I S. The load imposed ()n^tH?*!nJ^or varies 
will, ilu electrical load on the gener^t<*n>^o 
niwct iliL whanging demands, the motor m;^ 
vary its torque to maintain its normal operat 
speed pKiX iustan^L. let us assifnie that the 
generator load is reduced and ihat^'the motor 
lends to overspeed. This causes the governor 
n>NV eights (D) to move outward and pull the 



governor control valve (C) slightly to the left. 
Movement l<j the left from the blocked 
position, vents the control piston (K) passage to 
rciiirn system pressure. Tliis reduces the force 
acting on piston (K). Now, system pressure ac- 
ting on ihi upper pistons (B) is greater than the 
return system pressure on the control piston 
(K). This will let the upper pistons (B), in the 
rotating ■ vlindLi block move the wobbler plate 
(A) toward the right This movement starts to 
reduce iho angle of the wobbler plate (A) . This, 
in turn, leduces the lorque output and con- 
sequently the speed ^'1 the, motor. Movement of 
HI wob'^if-r piiUe ,ils(» momentarily activates 
the 'preaci pisKJU il) »)t the flyweight governor. 
Ihis prevents overtravel of the governor con- 
bol valve (C) and hastens the motor s response 
to cfianges in load. The preact piston acts when 
the wobbler plate (A) moves to the right, and 
the control piston (K) moves to the left. This 
action'forces fluid in the feedback line (J) into 
"the chamber on the h U "sitle (1 the preact piston 
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TF). When fluid moves into this chamber, the 
preact piston (F) moves to the right to increase 
tension on the governor spring (E). It also op- 
poses the governor control valve (C) movement 
to the left. Then, motor speed decreases, and 
the fluid in the preact piston chamber bleeds off 
through the restrictor bleed. The governor con- 
trol piston moves back to the right to block the 
control piston passage and holds the wobbler 
plate (A) in its new position. This whole series 
of events occurs almost instantly to match 
torque requirement with the imposed load. 

Il-6i A back pressure valve,(G) is installed 
in the lower piston*s discharge line. The pur- 
pose is to prevent the lower piston from 
**floating" and chattering. If this valve w^ere not 
in the return line, return pressure would exist 
on both sides of the lower pistons. Under this 
condition, the pistons would tend to float. The 
back pressure valve puts 100 psi over return 
pressure load on the back side of the low<?r 



pistons. ThisiAad holds them against the wob- 
bler plate (A) and prevents possible chattering. 

1 1 -7. It takes 3 gallons of fluid per minute to 
run the motor with no generator load and 14 
gaMons per minute at full load. 

11-8. Maintenance. The rpm of the motor 
can be adjusted by turning the screw on the 
back of the governor. If the generator 
frequency is low, you must turn the governor 
adjustment screw clockwise. (This direction of 
adjustment rule does not apply to all governor- 
controlled hydraulic motors.) 

11-9. The depth of maintenance you will 
perform on hydraulic motors depends on the 
equipment you have. Like that of hydraulic 
pumps, the repair and overhaul of hydraulic 
motors is depot level Avork. It involves the use 
of special and complex test equipment. Nor- 
mally, you must perform a bench check on 
hydraulic motors before installing them on air- 
graft. Carefully follow the TO procedures laid 
out for this operational test. 
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WE HAVE SEEN how the compensator on the 
variable^voiume pump controls the pressure in 
the hydraulic system. But, with the continuous 
output of the constant-volume pump, we need 
some unit to regulate the pressure. The type of 
unit used depends on the. manner in which the 
pump is driven. If the pump is electrically 
dViven, a pressure-operated off-on switch is 
used on the pump motor. On the other hand, if 
the pump is engine driven, a pressure regulator 
is used to maintain the desired system pressure. 

2. Besides pressure switches and pressure 
regulators, other units he4p control the pressure 
in the system. For example, there are relief 
valves, purge valvesrand the pressure-reducing 
valves. Let*s start our discussion with pressure 
switches and regulators. 

12. Hydraulic Pressure Switches and 
Regulators 

12-1. Pressure Switches. Pressure switches 
are used in hydraulic systems with electrically 
driven pumps to maintain system pressure 
within set limits. At the proper pressure limit 
setting, the pressure switch opens the pump 
motor circuit, causing the pump to stop. As 
pressure drops to the lower limit, the switch 
closes the circuit to start the pump running 
again. Pressure switches are also used in hy- 
draulic systems to control operation of warn- 
ing and protective devices. At a set minimum 
pressure, the. switch may turn on a light to warn 
the pilot (or operator of a test stand) of low 
pressure. It may even turn off a pump to avoid 
exhausting reservoir fluid through a broken 
.line. Pressure switches come inNvarious types. 
For example, there is the BourQon tube typ^, 
the piston type, and the diaphragm type. Since 
the Bourdon tube type is the most complicated 
in operation, we wilt discuss it in detail. 

1 2-2. Figure 36 shows a typical Bourdon 
tube type of pressure switch used to turn a 
pump motor off and on. The Bourdon tube is 
used as a pressure-measuring device in 



hydraulics because of its^H||gedness. Its normal 
unpressurized shape is a flat hollow coil as 
shown in the figure (A). As. hydraulic pressure 
is applied through the connection (^), the tube 
starts to straighten out. A ilexible steel finger, 
attached to the small en J of the tube, moves 
outward as the tube (A) uncoils. This finger 
presses against the toggle plate (B) until the 
desired system pressure is reached. At that time, 
it causes the toggle to pivot rapidly, thereby 
opening the contact points. This breaks the 
electrical circuit to the motor.. 
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A. Bourdon tube 

B. Toggle plate 

C. Hydraulic tluid connection 

D. Toggle plate opposite inner surface 

Figure 36. 



12-3. When the pump motor is inoperative, 
no fluid will enter the system. However, our 
'system t1uid will remain under pressure until an 
actuator is operated; or, until some pressure is 
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A. Toggle plaic 

B. Toggle plate pivoi 

C. Toggle plate stops^ 
U. Toggle spring 

E. High -pressure eutot'f adjusting screw 

F. Steel finger ^ 

G. Contact p4»ints 

H. Contact pt>ints 

J. Contact piiint adjusting screw 

K. Low-pressure adjusting screw 



.Figure 37.- Operation of pressure switch tt>gg!e plate 
^ (contact points closed). 

lost through normal internal leakage of the 
hydraulic units. When the pressure drops, the 
tube begins to recoil. At a certain point the 
linger pushes on the^posite inner surface (D) 
of the toggle plate. The toggle plate will then 
pivot quickly, letting the contact points close 
(complete) the circuit to the motor. Again, the 
pump will send fluid into the system to build up 
the pressure. 

12-4. The operation of the toggle plate can 
be seen in figlires 37 and 38. In order to show 
the operatioj/ of this toggle more clearly, the 
steel finger/(F) is repositioned. It normally ex- 
tends dow'nward from the tip of the tube. In 
figures 37 and 38 it is shown extending in 
toward- the center of the toggle plate (A), 

12-5. Figure 37 shows the toggle plate 
position when the pump is operating, the system 
pressure is ^ and the Bourdon tube is 
straightening out^JJic steel finger (F) pushes 
against the high-pressure, cutoff adjusting screw 
(E) and snaps the toggle plait: (A) to the left on 
its pivot (B). As the toggle pivots left, the con- 
tact point , adjusting scre>V (H) strikes the 



yable contact point of the contafct points 
^ _J. Mx)ving this point opens the cir^iiit to the 
pump mok)r, as shown in figure 38. 

12-6. Looking at figure 38, you will notice 
that the contact points are open. As the system 
pressure decreases, the tube begins to coil, and 
the steel finger (F) moves toward the i^ight. It 
will then push against the low-pressure ad- 
justment screw (J) and snap the toggle plate to 
the right. This allows the contact points (G) to 
close, completing the circuit to the motdr; the 
pump will again send fluid into the hydraulic 
system. 

12-7. It^can be seen that the toggle spring 
(D) will not allow the toggle plate to remain in 
a neutral position. Thus, as the toggle plate 
snaps from one position to the other, the con- 
tact points are opened or closed rapidly. This 
insures less **burning*' of the points. The toggle 
plate stop (C) limits the movement of the toggle 
plate (A). 
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12-8. You may sometimes be required to test 
and adjust a. pressure switch like the one we just 
described. Since such occasioi)s are not 
frequent we will not cover the procedure in this 
course. You can find the instructions in TOs. 
(Many new types do not require adjustment.) 

1 2-9. . Pressure Regulators. In the preceding 
chapter we discussed various types of power 
pumps that maintain a constant preSisure out- 
put.- These types do not need pressure 
regulators. Although manufacturers are using 
more variable-volume-type pumps, do not 
forget that pressure regulators do exist. Some of 
our present-day aircraft still use positive 
displacement pumps. These aircraft need 
regulators to maintain system pressure within 
the desired operating range. These pumps' run., 
continuously. Therefore, the regulator must be 
^designed so* that fluid can return to the reser- 
voir when the svjstem is fully pressurized. A 
bypasS) valve in tne regulator does this job. A 
pressure regulator must also contain a check 
valve that will trap the fluid undef pressure in 
ttie system. This valve allows fluid flow into the 
system, but prevents system fluid from flowing 
out through the bypass. A large spring is also 
included in the regulator for the system 
pressure to act upon. The spring is adjustable so 
that its compression can be varied. 

12-10. Before we continue with this subject, 
we want to review the meanings of two terms. 
You must know them^f you are to understand 
the operation of a pressure regulator. They are, 
"kicked in" and "kicked out.'; When the air- - 
craft has not been in use for some time, its 
hydraulic system must be pressurized. The 
power pump begins to deliver fluid just as so^n " 
as the aircra& engine starts. We k^ow that the 
hydraulic fluio^ust pass through the regulator 
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Figure 39. Pressure regulator. 



before it can enter thfe system. For fluid to flow 
to the system, the regulator bypass- must be 
closed^nd the check valve must be open. Un- 
der these conditions, we say the regulator is 
"kicked in", and the pump is "loaded.'* 

12-11. The left illustration of figure 39 
shows the pressure regulator "kicked in.'* While 
a unit is^operating and full pressure is required, 
fluid will enter at line (B) and exit to the unit 
through line (D). When unit operating- stop»» 
the pressure builds up until the maximum 
desired^ pressure is reached. At that time the 
piston (pj will be forced up enough to move the 
bypass valve (A) off of its seat. No\/ the bypass 
opens a^ return path for pump /utput fluid. 
Since fluid takes the path of lea^ resistan^ it 
follows the return path back to the resem)ir 
through the line (GLJhis is shown in the right- 
hand illustration of figure 39. The pump con- 
tinues to operate, although it does not have to 
push the fluid >out against pressure. Thi^efore, 
it is not constantly under a load,^nd y^eotn ex- 
pect trouble-free operation for a longer time. 
There is very little back pressure in the |;)ypass 
route. Therefore, we have low pressure before 
the check valve, and high system pressure 
behind the valve. Naturally, the check valve 
closes and the system remains pressurized. Ti^is 
condition of the regulator is known as "kicked 
out." This kicked out condition lasts until the 
system pressure is used up or lost through in- 
ternal leakage. 

12-12. When system pressure drops to a cer- 
tain point the spring (F) forces the piston (E) 
down, allowing the bypass (A) to close. When 
the bypass is closed, the pump's fluid output 
can no longer go directly to thb return. Agauj, 
pressure will biirild up between the pump and 
the regulator. This pressure will open the check 
valve (C), and fluid will reenter the hydraulic 
system. U will build up the pressure to the 
desired maximum. 

12-13. What have you learned? When the 
system pressure drops to a certain point, the 
pressure regulator will kick in and send fluid 
into the system. When the pressure has risen 
enough, the regulator will kick out, and bypass 
the pump's output back to the reservoir. Our 
pressure regulator has taken the load off the 
engine-driven pump and determined system 
pressure. 

12-14. The difference between the regulator 
kick in pressure and the regulator kick out 
pressure is known as the operating range. After 
the aircraft engine has been started, our system 
pressure should be within tjiis operating range. 
The operating range cannot be changed since 
this is built jnto the regulator. However, all 
regulators have a high pressure adjustment. If 
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A. Bypai^ p<ippct. 

B. Return port 

C. Adjusting screw 

D. Compression spring 

E. Hollow adjusiing rcnJ 

F. Drain port to return 

G. Upper (large) retainer 

H. Needle poppet upper seat 
J. Lower (small) retainer 
K. Needle poppet lower seat 
L. Needle poppet 

M. Pressure-sensing line 

N. Passageway to directional piston 

O. Directional piston 

P. System pressure port 

O. Check valve 

R. Port from power pump 

Figure 40. Selective -type double-area -pressure 
regulator (kicked in). 

the kick out pressure is increased or decreased, 
the kick in pressure will follo>y up or down. 
The kick out and kick in pressures can be 
changed, but the in-between range remains con- 
stant. 

12-15. Sclcclivc-Typc Pressure Regu- 
lators. We have two types of pressure 
regulators. They are called the balanced-type 
pressure regulator and the selective-type 
pressure regulator. Because the balanced-type 
is becoming obsolete, we discuss only the 
second type. Sometimes the second type is 
described as a selective-type double-area 
pressure regulator because the control section 
pressure works on two areas at different times. 
Examine Figures 40 and 41. Controlling 
pressure works on the bottom of retainer J 
when the regulator is kicked in. It works on the 
bottom of retainer G when the regulator is 



•kicked out. You will understand this better / ^^^^ 
later op. 

12-|6. Refer to figure 40; notice that the 
fluid, Under pressure, comes in port R fr^m the 
power pump. Bypass poppet A is held closed by 
a spring, therefore, the fluid can't bypass ' 
through return port B. It must open check' valve 
Q and pressurize the system through system " 
pressure port P. As system pressure builds up, it 
will pass through the pressure-sensing line (M). 
It will push up on lower (small) retainer (J). 
The lower retainer has a sleeve on its upper end 
that Htsi against a shoulder on the upper (large) 
retainer (G). Thus, as the pressure pushes the 
lower retainer up, it, in turn, raises the upper 
retainerlcompressing spring (D). As the lower 
retainer Irises, needle poppet L rises with it. 
During mis time, the needle poppet forms a 
pressure iseal on the needle poppet lower seat 
(K). I 

12-17. At this point, look at the hollow ad- 
justing rod (E). The lower portion is cut away 
to show its cross section and the hole drilled 
through itlsideways. These cross holes vent the 
space between the retainers, passageway N, and 
the space under the directional piston (O). 
These spacp» are vented to the drain port to 
return (F). 

12-18. Now, back to the rising\etainers. As 
they move upwards, the tip of the needle poppet 
(L) will seat in the lower opening of the hollow 
adjusting rod (E). Thus, a pressure seal is for- 
med at the needle poppet upper seat (H).^ The 
needle poppet can rise no farther but the 
retainers keep moving up. This breaks the 
pressure seal at the needle,, poppet lower seat 
(K). At once, system pressure enters between 
the retainers, goes through passageway N and 
pushes up on piston O. Piston O unseats bypass 
poppet A. At once, system pressure coming in 
port R passes to the return line through port B. 
Now the power pump is "unloaded" and all its 
flow passes through this bypass route to the 
reservoir. At this time, there is little pressure 
above check valve Q and full system pressure 
below it. The system pressure and spring force ^ 
slam the check valve shut. Thus, full operating ^ 
pressure is kept in the system while the pump 
runs unloaded. The regulator is then kicked out 
(fig. 41). 

12-19. In figure 41, we see the regulator 
kicked out. It will stay kicked out until system 
pressure drops. Either operating an actuator or 
internal leakage will drop it. Let's figure out 
how much it must drop before the regulator 
kicks in again. System pressure pushing up on 
the lower retainer is almost cancelled out by 
pressure pushing it down. But, system pressure 
is now also pushing up on the upper retainer 
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(O). The exposed lower area of the upper 
retainer is greater than was the exposed area of 
the lower retainer. Pressure acting on the lower 
retainer kicked thrnrigulator out. Now, the 
pressure forces the upper retainer up farther 
and compressec^^pJCing D, more. Remember the 
formula: total force « pressure X area* An 
amount of internal leakage or flow with 
pressure loss can occur in- the system. Thi3 
qliantity will determine how long it takes the 
spring to force the upper retainer back down. 
When the retainer passes the point; on its way 
down, where kick out took place, kick in will 
occur. Figure 41 shows almost this exact 
moment. When the needle poppet unseats at H 
.and seats at K, the pressure under piston O will 
dump into drain port to return F. Piston O will 
drop, bypass poppet A will close, and theck 
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B. Return p<irt 

C. Adjusting screw 
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R- Port t'n>ni power pump 

Figure 41. Selectivc^typc divuhlc-area pressure regulntor 
(kicked out). 
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valve Q will be forced open. The regulator is 
then kicked in (Hg. 40), and the pump is 
loaded. 

12-20. The distance the upper retainer 
moves up after the regulator kicks out is very 
important. It determines the pressure range bet- 
ween the kick out and the kick in pressure set- 
tings of the regulator. This can also be stated 
another way. It determines the length of time 
the pump can run unloaded when there is no 
hydraulic action required. This feature allows 
the pump to remain unloaded for a longer time. 
It also prevents the regulator from kicking in 
and out continuously.' 

12-21. (Maintenance of Pressure 
Regulators. The pressure regulator is a reliable 
piece of equipment and causer, little trouble to 
the hydraulic system. HovTever, one hydraulic 
trouble that can be attributed to the regulator is 
an abnormal system operating pressure. This 
trouble can generally be corrected by adjusting 
the regulator while installed on the aircraft. 
Let's see how this adjustment is made. 

12-22. If we wish to increase the kick -out 
pressure, we turn the adjusting screw (C in 
figures 40' and 41) counterclockwise. This 
allows the rod to rise. We found that the 
regulator does not kick out until the needle 
poppet (L) is unseated by the hollow rod. 
Therefore, the pressure must be higher before it 
can force the retainers and needle poppet iip 
the added distance. 

12- 23. In all types and models of pressure 
regulators, the bypass allows fluid an unrestric- 
ted path to return; the check valve traps fiuid in 
the system. The indication given by leaking 
check valves or bypasses, then, is the same for 
any regulator in any system. A leaking check 
valve seat causes an early kick-in, and a leaking 
bypass seat causes a late kick-out. 

13* Accumulators 

13- 1. In Chapter I, we explained the pur- 
poses of the accumulator. Summarizing, an ac- 
cumulator is used: 

a. To aid or supplement the power pump 
when several hydraulic units are 
operating at once. 

b. For limited operation of a ^draulic unit 
when the power pump is not operating. 

c. To dampen pressure surges in the 
hydraulic system. 

d. To prevent rapid pressure losses which 
result from small leaks which would 
cause pressure switches to continuously 
kick in. 

13-2. Accumulators are divided into types 
according to the way the air and fiuid chambers 
are separated. In your work, you will see the 
diaphragm, bladder, and piston types. Of 
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• course* you will also sec the combination reser- 
voir-accumulator types. We discussed these in 
the section on reservoirs^ 

13-3. Diaphragm-Typc Accumulators. 
Diaphragm^type accumulators consist of two 
hollow half-ball metal sections fastened 
together at the center line. See figure 42. One of 
these halves has a tming for attaching the unit 
to the system; the other half is equipped with an 
air valve for charging the unit with compressed 
air. Mounted between the two halves is a syn- 
thetic rubber diaphragm that divides the tank 
into two compartments. A screen covers the 
outlet on the fluid side of the accumulator. This 
prevents a part of the diaphragm from being 
pushed up into the system pressure port and 
being damaged. This could happen when there 
is an air charge in the unit but no balancing 
fluid pressure. In some units a metal disc at- 
tached to the center of the diaphragm is used in 
place of the screen. The accumulator is usually 
mounted in the aircraft with the air chamber at 
the bottom. 

13-4. The accumulator is charged with air 
when there is no fluid pressure in the system. 
This way, you can get an accurate measurement 
of the air charge. This air charge is usually 
higher than the fluid pressure required to 
operate any system unit. It forces the diaphragm 
upward against the inner surface of the upper 
section of the accumulator. When the fluid 
pressure increases above the initial air charge, 
fluid is forced into the upper chamber. This 
pushes the diaphragm down and further com- 
presses the air in the bottom chamber. Hence, 
whenever there is any fluid forced into the ac- 
cumulator, the fluid and air pressures become 
the same. Therefore, when the pressure 
regulator has kicked, out and the power pump is 
idlingt the system is still under pressure. This is 
because the accumulator air charge continues 
to push on the fluid in the system. The system 
stays pressurized and ready for use. 

13-5. The accumulator is charged with air to 
a pressure greater than what is required to 
operate any unit. Should the power pump fail, 
any mechan ism can be operated once and 
possibly more. The work output depends upon 
the volume of fluid stored in the accumulator. 
On some aircraft, the hydraulic pressure in- 
dication is taken from the air side of the ac- 
cumulator. This is an advantage; the pilot or 
mechanic can read two pressures on the same 
*gage. When there is no hydraulic pressure, the 
gage shows the mechanic the air pTeload 
pressure. When there is hydraulic pressure, the 
gage shows the pilot or the mechanic system 
hydraulic pressure. 

13-6. Bladder-Type Acctfmululor.s. The 
bladder-tyf^ accumulator operates on the same 
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Figure 42. Diaphragni-iypc accumulaioV. 

principle as the diaphragm type, it serves the 
same purpose, but varies in construction (see 
fig. 43). This unit consists of a one-piece metal 
sphere with a fluid pressure inlet at the top. 
There is an opening at the bottom for inserting 
the bladder. A large screw-type plug at the bot- 
tom of the accumulator retains the bladder and 
also seals the unit. The high-pressure air valve 
is also mounted in the retainer plug. A round 
metal disc attached to the top of oh 
the bladder prevents damage caused by sudden 
discharge of fluid pressure. The disc prevents 
air pressure from forcing the bladder out 
through the pressure port. As fluid pressure 
rises, it forces the bladder downward against 
the air charge, filling the upper chamber with 
fluid pressure. The broken lines in figure 43 
show the approximate shape of the bladder 
when the accumulator is charged. 

13-7. Piston-Type Accumulators. The 
piston-type accumulator also serves the same 
purpose and operates much like the diaphragm 
and bladder accumulators. As shown in figure 
44, this unit is a cylinder (B) and piston assem- 
bly (E) with openings on each end. System fluid 
pressure enters thc^p port (A), and forces the 
piston down against the air charge in the bot- 
tom chamber (D). A high-pressure air valve (C) 
is located at the bottom of the cylinder for ser- 
vicing the unit. There arc two rubber seals 



139 



SYSTEM PRESSURE 




Figure 43. Bladdcr-typc accumulsitor. 

(represented by the black dots) which prevent 
leakage between the two chambers (DandG). A 
passage (F) is drilled from the fluid side of the 
piston to the space between the seals. This 
provides lubrication between the cylinder walls 
and the piston. 

13-8. Self-Displacing-Type Accumulators. 
A fairly recent version of the accumulator is the 
self-displacing. It was developed for combat 
aircraft,. where maneuverability at high speeds 
is desirable. Figure 45 shows a complete 
hydraulic power section having a self- 
displacing accumulator. A systemwith this kind 
of accumulator is completely free of any air; 
every portion of the system is completely filled 
with fluid. The self-displacing accumulat(fr acts 
as a regular accumulator to store a volume of 
fluid under pressure. It also has a fluid storage 
chamber (K) that acts as a system reservoir un- 
der normal conditions. A system such as this is 
sometimes referred to as a "solid fluid system." 
This term is also used with the combination 
reservoir-accumulator covered in Section 8 on 
reservoirs. 

13-9. The operation of the self-displacing 
accumulator is quite simple. With no hydraulic 
pressure in the system, the air charge in air 




/3r 



42087 



A. Fluid pitri 

B. Cylinder 

C. High-pressure air valve 
D^. Air ehamher 

E. Pisl<»n iLSsembly 

F. Drilled passage 

G. Fluid ehamher j»' 

Figure 44. PisKin-type aceuniulaUir. 
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Figure 45. Sclf-displiicing acciimuiat(>r system. 

subsystem is actuated through line A, fluid is 
forced out of pressure chamber L. An equal 
amount of fluid will return through line P to till 
the expanding storage chamber (K). When 
power pump F starts up again and forces tluid 
into pressure chamber L, it compresses the air 
in chamber M. As accumulator piston O moves 
downward, fluid is drawn from storage cham- 
ber K and pumped into pressure chamber L. 
This transfer of fluid is made by and through 
the power pump. 

13-10. Since the amount of fluid exchange 
between chambers L and K is the same, the 
system always remains balanced. The air cham- 
ber is fitted with a high-pressure air valve to 
maintain the proper initial air charge. The top 
of the cylinder is vented in order to prevent 
back pressure caused by the piston when it 
moves up. Compensator J provides space for 
temperature expansion of the fluid. It also 
stores fluid to replace any lost through minor 
leakage. A mechanical sight gage (G) indicates 
the amount of fluid stored in the compensator. 

13*1 1. Because of normal leakage in the 
system, periodic addition of hydraulic fluid is 
necessary. The hand pump ( H ) does this job. To 
replace fluid in the ''solid fluid system/* fluid is 



taken from the main system reservoir. Although 
not shown in ^figure 4.^, the hand pump also 
supplies fluid to other hydraulic systems on the 
ail craft. 

13-12. There is an advantage to using this 
type accumulator. It allows the aircraft to fly in 
any attitude, vertical or inverted, and still 
maintain a constant hydraulic fluid pressure 
supply. 

13-13. Maintenance af Accumulators. 

Maintenance consists of inspections, minor 
repairs, replacement of component parts, and 
testing. There is an element of danger in main- 
taining accumulators. Therefore, proper 
precautions must be strictly observed to prevent 
injury and damage. 

13-14. Before disassembling any ac- 
cumulator, make sure that all preload air (or 
nitrogen) pressure has been discharged. Failure 
to release the air could result in serious injury 
to the mechanic. (Before making this check, 
however, be certain you know the type of high- 
pressure air valve used.) When you know that 
all air pressure has been removed, go ahead and 
take the unit apart. Be sure, though, that you 
follow TO directives for the specific unit you 
have. 

13-15. Bladder- and diaphragm-type ac- 
cumulators. After disassembling, clean all 
metal parts with an approved solvent and then 
dry them thoroughly. The bladder or 
diaphragm usually should be replaced. Clean 
the new one with a lint-free cloth moistened 
with the type of hydraulic fluid used in the 
system. Inspect all metal parts for corrosion, 
cracks, and other evidence of damage. Inspect 
all threaded surfaces for stripped or worn 
threads. If they cannot be replaced, the bladder 
or diaphragm should be inspected for cracks, 
tears, and deterioration. Any part found to be 
defective should be replaced with a new one. 
Bladders and diaphragms stored for more than 
three years should not be used except in 
emergencies. In that case, they may be used 
only until new ones can be procured. 

13-16. After a bladder- or diaphragm-type 
accumulator has been rcihsembled, it must be 
proof pressure tested and leak tested. To proof 
test the accumulator, you will need a test stand. 
It must put out controlled hydraulic pressure 
up to at least 50()0 psi and air pressure up to at 
least 1000 psi. Before starting the test, be sure 
that everyone is shielded from the accumulator. 
Even though you assembled the accumulator 
Correctly, there still is the possibility that it 
could blow up. Incidentally, remove the high- 
pressure air valve from the air chamber side of 
the accumulator for this test. To make the proof 
test, apply the specified fluid pressure (usually 
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3000 psi) to the fluid port of the accuniulator. 
The accumulator must hold this press\^e for a 
given time (generally five minutes). There must 
be no sign of leakage or failure. When it*s 
determined that there arc no leaks, release the 
pressure and drain the fluid. 
\. .13-17. In order to perfoi'm the leakage test, 
you must first reinstall the proper high-pressure 
air valve. Then charge the preload chamber 
with air to the specifiedprcssure (generally 600 
psI). With the air chamwr charged, charge the 
fluid chamber to the value given in the ap- 
plicable TO. This is usually in the neigh- 
borhood of 1500 psi. Then submerge the ac- 
cumulator in hydraulic fluid and maintain the 
pressure for the specified time (usually S 
minutes). There must be no sign of air leakage 
the test period. If the accuniulator 
paOT? both the proof and leakage tests, it's 
ready for service. 

13-18. Piston-type accumulators. When 
disassembling a piston-type accumulator, never 
force the piston out of the cylinder with air 
pressure. After disassembly, clean all parts 
thoroughly and inspect for damage. All minor 
^nicks and scratches can be polished out with an* 
approved type of crocus cloth. Replace all 
defective parts that are not repairable and all 
O-ring packings and gaskets. Lubricate all parts 
with clean hydraulic fluid (type used in the 
system) before reassembling. 

13-19. After a piston-type accumulator has 
been reassembled, it must be friction tested, 
proof pressure tested, and leak tested. The fric- 
tion test is made by determining that the 
pressure required to move the piston is within 
limits. Position the piston close to an end-cap 
and connect this end-cap to a source of fluid 
pressure. Then slowly apply increasing fluid 
pressure until the piston moves the length of the 
cylinder. Next, connect the opposite end-cap to 
the fluid pressure source and repeat the test. 
Repeat this complete cycle. This insures that 
the piston moves through its complete travel at 
or below the fluid pressure specified in the TO. 
If it passed the friction test, move the piston to 
midpoint to ready the accumulator for the 
proof pressure test. 

13-20. Now to perform the proof pressure 
test. Fill the air chamber with test fluid 
(generally hydraulic fluid) and close the port 
with a pressure gage. If the proof pressure is 
6000 psi, for example, the gage should go up to 
10,000 psi. Fill the fluid chamber with fluid 
and attach this chamber to a proof pressure 
source. Slowly pressurize the accumulator to 
the required proof pressure and maintain for 
the specified time limit. Any external leakage is 
cause for rejection. After this test, drain both 



ends thoroughly to iready the accumulator for' 
the air leakage test. 

1 3-2 1 . Perform the air leakage test as 
fallows. Connect a source of dry filtered air or 
nitrogen pressure to the air chamber end-cap. 
Slowly apply pressure until the piston bottoms 
lightly against the open hydraulic end-cap. 
Next, staral the accumulator vertically with the 
hydraulic port up. Then fill the hydraulic end 
with the specified test fiuid and leave the port 
open.^ Continue to hold the accumulator in a 
vertical position. Raise the air pressure about 
one-tenth of the nornial preload value and hold 
for a specified period of time. Any air bubbles 
coming up through the fluid indicate leakage. 
Now raise the preload pressure to its normal 
value and hold for a specified time limit. Any 
leakage at either pressure is cause for rejection. 

13-22. The air leakage test can also be per- 
formed by pressurizing the accumulator to its 
normal preload air pressure. Then submerge it 
in a tank of hydraulic fiuid and watch for bub- 
bles. 

13- 23. When the tes|s are finished, 
depressurize and drain the accumulator of ex- 
cess fiuid. .Next, cap all ports. 

14. Relief, Purgei and Pressure Reducing 
Valves 

14- 1. Each of these valves effects the 
pressure in the hydraulic system. They may not 
seem as important as some other units but they 
increase efficiency and safety. So now, let's see 
what they do. 

14-2. Relief Valves, Relief valves are simply 
pressure-limiting devices. They prevent 
pressure from building up to where it might 
burst its container. How could this happen 
when we have a pressure r/^gulator or pump 
compensator to control pressure? It couldn^t 
normally; but. if one of these un^ts should fail, 
the relief valve is there as a backup safety 
device. It will limit the maximum pressure 
reached in the system by dumping the pressure. 
Thus, the main system relief valve must be large 
enough to pass the pump's full output back to 
the return. This does not, however, unload the 
engine-driven pump siS a pressure regulator 
does; the pump must still maintain enough 
pressure to keep the relief valve open. 

14-3. We also may have smaller relief valves 
in isolated parts of the system. These valves are 
of the same construction as the main system 
relief valves, but are small in size. They are 
used in closed parts of the system. These are 
where check valves or selector valves prevent 
pressure from being relieved through the system 
relief valve*. 
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14-4. These small relief valves are also used 
/ to relieve the pressure caused by thermal ex- 
/ pansion of the fluids. Since the volume of fluid 
to be relieved is small, the valve can be small 
and still do its job. These relief valves are 
called thermal expansion relief valves, com- 
monly labeled TeRVs/* 

14-5. Relief valves have an adjustment for 
increasing or decreasing the pressure at which 
they relreve. The adjusting screw is usually 
covered by a cap. To increase the pressure at 
which the valve relieves, turn the adjusting 
screw clockwise. ^ 

14-6. In figure 46 we see a typical two-port 
relief valve. The pressure from the system en- 
ters the pressure port (F) and pushes upward on 
the ball (E). If this pressure is high enough to 
overcome the compression spring (C), the ball 
will be pushed off its seat. Now fluid from the 
system can go out the return port (D) to the 
return line. The adjusting screw (A) merely in- 
creases or decreases the force of the spring. As 
a result, it requires more or less pressure to un- 
seat the ball. The cap (B) protects the ad- 
justment screw. 

14-7. In this relief valve we have seen that 
the system's pressure acts against a large spring. 
The spring doesn't, need to be as strong as you 
may think, because the pressure acts on only a 
small area. Let's say we want the valve to 
relieve at 2000 psi. If the ball seal area of the 
relief valve is 1/4 square inch, the spring force 
need be only 500 pounds. The formula F « A 
X P can be used to find the spring force. For 
example. Force = 1/4 sq in (area) x 2000 psi 
(pressure) = 500 lbs. 

14-8. Figure 47 shows a slightly different 
relief valve, but it works on the same principle. 
The main difference is in the hookup. Since this 
valve has four ports, we can run the pressure 
line through the bottom ports. The return line 
to the reservoir can be run through the top 
ports. Anothex^jjference in this relief valve is 
. that the ball n?) remains stationary. Pressure 
acting on the bottom area of the ball scat sleeve 
(C) pushes it up. This gives the pressurized fluid 
a path to the return line. One pressure porrand 
one return port may be plugged on this valve so 
it can be used as a two-port^ type. The pressure 
adjustment nut (B) regulates the tension on the 
compression spring (A). 

14-9. Thus faf we have considered only the 
spring force that must be overcome before the 
valve relieves. In the hydraulic system, 
however, we also have some pressure in the 
return line. This pressure helps to hold the ball 
on its seat. Return line back pressure is caused 
by resistance in the return line and may be as 




A. Prcssurc-adjusiing screw d Return port 

B. Adjusting screw cap 

C. Compression spring p. Pressure port 

Figure 46. Two-piiii relief valvev 

high as 250 psi. Th^ area on which this back 
pressure works effectively can be seen in figure 
48. The back pressure acts all the way around 
the ball, except on that portion exposed to 
system pressure. Thus, the back pressure acting 
on one side of the ball is canceled by that acting 
on the other side. Therefore, system pressure 
(B) must overcpme only the back pressure ac- 
ting on the top (A) of the ball. 

14-10. The press,ure at which the valve will 
relieve increases directly with an increase in 
back pressure. In our previous example there 
was no back pressure. System pressure over- 
came the spring force and unseated the ball at 
2000 psi. We will now put this valve in a system 
having I 50 psi back pressure. There it will take 
2000 psi + 150 psi or 2150 psi to unseat the 
ball. For this reason, relief valves should be ad- 
justed while on the aircraft. ^ 

14 IK The pressure at which the ball is 
slightly unseated is called the cracking 
pressure. At this pressure, only a few drops of 
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fluid arc relieved. If more flukUneeds to be 
relieved, the ball will rise higher and allow full 
pump output to be relieved. This is called the 
v^Ut's full flow ftressure. It is about 10 percent 
higher than cracking pressure because the 
spring must be compressed further. After the 
valve has relieved fluid and the pressure drops, 
the ball must stop fluid flow around It. Fluid 
tends to continue flowing once it has started. 
So, the spring cannot force the ball on its seat 
until pressure has dropped about 10 percent 
below cracking pressure. This pressure at which 
the return flow is cut off is called the reseating 
pressure. Most relief valves are adjusted to the 
cracking pressure. 

14-12. Some special relief valves are con- 
structed with a rod on top of the ball. (See flg. 
49.) The diameter of the rod (E) is equal to the 
diami:ter of the system pressure port under the 




A. Omiprcssion spring 

B. Pressure adjusiincnl 

C. Ball seal sleeve 

D. Bail 

Figure 4V I i»ur-p«»ri reiiel valve. 
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ball (D)/ It is so constructed that the back 
pressure cannot act downward on the ball sur- 
face covered by the rOd. The. back pressure ac- 
ting on the sides of the ball is the same as in the 
subsystem line (B). In this type relief valve, 
called a balanced type, the back pressure has no 
effect on when the 'valve relieves. This valve 
does not eliminate back pressure, but it does 
remove its effect on valve operation. The line 
from the pressure manifold (C) provides system 
pressure. The vent (A) prevents air pressure 
build-up in the chamber above the rod (E) 
when it moves upward. The O-ring (F) provides 
a seal around the rod. 

14-13. Repair of relief valves. Relief valves, 
like*' most other hydraulic units, normally 
require little maintenance. However, they do 
occasionally fail. The most common trouble 
you will find with relief valves is internal 
leakage. 

14-14. The repair that your shop will per- 
form on relief valves depends on the type of 
valve and the available facilities. Some types of 
relief valves are not repaired. Others may be 
disassembled, inspected, repaired, and reassem- 
bled. Repairs consist primarily of polishing and 
lapping the various internal components. 
Again, we repeat, repairs must be made ac- 
cording to TO directives. These procedures will 
definitely vary, copending on the dfesign of the 
particular unit. 

14-15, Adjustment of relief valves. Relief 
valves are usually preset on a test bench before • 
installation. However, they must be checked 
periodically while installed on the aircraft. 
Therefore, we will give a general discussion on 
how to perform an adjustment. Keep in mind, 
however, that the adjustment procedure varies. 

14-16. To make an adjustment, you have to 
pressurize the aircraft hydraulic system with a 
portable hydraulic te^tand. So, start the test 
stand add adjust its compensator to regulate the 
pressure. It should be 25 to 50 psi affove the 
aircraft relief valve setting. Then adjust the test 
stand relief valve to 100 psi above the com- 
pensator setting. This alrows enoQgh pressure 
to assure proper adjustment of the aircraft relief 
valve without danger of overloading the system. 
After these two adjustments are made, connect 
the test stand to the aircraft. Now apply test 
stand pressure to the system at a rate of 6 to 10 
gallons per minifte. Note from the cockpit in- 
dicator tne existing kickout value of the aircraft 
relief valve. Then release the test stand pressure 
from the s:'.5tem- Remember, pressure should be 
released from the system bclure attempting any 
adjustment. This is to prevent possible damage 
lo the threads oi' the adjusung screw. 
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Finally, shut down ancj disconnect the lest 
stand from the aircrari. 

14-19. Purge Valves* Purge valves are in- 
stalled on ''many of our aircraft hydraulic 
systems to release air from the pressure lines. 
The purge valve (tig. 50) is essentially a relief 
valve with the spring installed in reverse. That 
is» the spring keeps the valve open instead of 
closed, as in the case of a regular relief valve. 
The valve is normally connected between the 
pump pressure line and the manifold return 
line. When the pump output drops below a cer- 
tain pressure, the spring (C) will force the 
plunger (B) to the open position. Figure .SO 
shows the purge valve in the open position. Air 
in the pressure line can enter at the inlet (D), 
pass through the slits in the plunger (B) and out 
through the outlet (A). Figure 51 shows the 
purge valve installed in a system. When the 
purge valve opens, tluid tlows from the pump 
(C) through the purge valve (E), back to the 



A. Area upon vi-hich back pressure exerts a downward 

force 

B. Ar^ii upon which system pressure acts 

Figure 48. Reliet valve (area upt>n which hack pressure ■ 
is ellcciivc>. ^ 



14-17. When the test stand pressure is 
released Trom the system, start the adjustment. 
Loosen the aircraft relief valve adjusting screw 
locknut and turn the screw l/8th turn clockwise 
to increase kickout pressure; turn it coun- 
terclockwise to decrease kickout pressure. The 
pressure change made by J/8th turn will help 
determine the amount of turn needed i:ext time. 
Now apply test stand pressure to the system as 
done previously. Note ihc cockpit indicator for 
the newly established relief valve kickout 
pressure. Again, release the test stand pressure 
and turn the adjusting screw to obtain the 
desired value. After the proper kickout pressure 
is obtained, tighten the locknut while holding 
the screw in its correct position. 

14-18. After you have tightened the ad- 
justing screw, apply and release the test stand 
pressure several times. Check the cockpit 
pressure indicator each time to see that the 
relief valve kicks out at the desired pressure. 
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Figure 49 Balanced relief valve 
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driven and turbine-driven emergency pumps. 
Let's say that in figure 5 1 the system beyond the 
check valve (D) is pressurized. Also that the 
pump is started. If it must start against such a 
load, it could easily stall and the driving unit be 
damaged. With the purge valve installed as 
shown, the flrst tiaiited ^^flow will be routed 
back to the reservoir. As soon as" the pump 
comes it^to speed, the pressure will buiFd up 
enough to close the purge valve. Now the fluid 
will flow out to the pressure lines through the 
f-heck valve. 



A. Outlet 
Plunger 



C. Spring 

D. Intel 



Figure 50. Purge vulve (open p(?sition). 

• return line (A). From there it flows to the rcser- 
vpir (B) and again, to the pump. 

14-20; During aircraft maneuvers, air is very 
likely to get into the pump supply and output 
lines. When this happens, the output pressure 
will drop. When the f]|uid pressure drops 
enough, the spring will open the purge valve. 
This allows the air to escape back to the return 
manifold and the reservoir where it is 
discharged. As the air is purged from the 
system, pure fluid will be pumped. Fluid 
pressure will again build up and overcome the 
spring force and close the valve. When the valve 
closes, the pump's output is directed into the 
pressure manifold. 

14-21. The purge valve ajslk serves another 
purpose. This is when it is used with electrically 
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A. Return manifold 

B. Reservoir 

C. Punip 

D. Pressure nisinitold eheek valve 

E. Purge valve 

Figure 5t. Typieal installation of a purge valve^ 
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Figure 52. TypieaMnsU^I*^ ol « pressure -reducing 

14-22. Pressui:.c-Rcducing Valves. We have 
learned that pressure regulators can maintain 
system pressure between two limits, and relief 
valves can liniit maximum pressure. Yet, in cer- 
tain situations these units may not meet our 
needs. In some section of the system, we may 
not want to use full system pressure. It may be 
that the actuator in a subsystem is not designed 
for ihe high pressure we have in the system. Or 
pernaps we want a reduced operating pressure 
to prevent overloading some structure. 
Whatever the reason, a pressure -reducing valve 
is what we need. This valve will reduce' system 
pressure to the desired level; it will also relieve 
thermal expansion in the section .of the system' 
that it isolates. In figure 52 we see how a 
pressure-reducing valve is installed in a system. 
It typings about a lower pressure for operation 
of the actuating cylinder. 

14-23. The pressure-reducing valve has three 
ports. One of these (C) is connected to system 
pressure, one (G) to the system return line, and 
the third (E) is the reduced-pressure port. 
Figure S3 shows the valve as it reduces 
pressure. The pressure-adjusting spring (A) 
holds the reservoir return valve (B) and the 
poppet (D) to the left. Fluid under system 
piessure enters the system pressure port (C). It 
passes around the unseated poppet and oui the 
reduced-pressure port (E). Soon the pressure 
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A. Pressure-reducing spring E. Reduced-pressure pi>ri 

B. Reservoir return vsiive F. Poppei spring 

C. System pressure piiri G. Reservoir reiurn pori 

D. Poppet H. Pressure-adjusting screw 

Figure 53. Pressure- reducing valve. 
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A. Pressure- reducing spring E. Reduced-pressure port 

B. Reservoir reiurn valve F. Poppet spring 

C Systcn) pressure pt>rt G. Reservoir return pi>rt 

D. Poppet H. Pressure-adjusting screw 

Figure 54. Pressure-reducing valve relieving 
thermal expansion. 



going out the reduccd-prcssrure port (E) builds 
up. The pressure is transmitted back through 
the hollow poppet (D) and exerts a forec on the 
reservoir return valve (B). When this force 
overcomes spring (A) force, theVeservoir return 
valve is pushed to the right. Now the poppet 
spring (F) seats the poppet. This stops the 
system pressure which was going out the 
reduced-pressure port (E) from building up fur- 
ther pressure there. The inlet pressure (C) has 
no effect on the poppet itself. The reason is that 
the areas on the ends of the poppet exposed to 
the pressure are the same; therefore, the forces 
exerted on the poppet are balanced. The 
pressure exerts an unbalanced force only on the 
area of (he reservoir return valve (B). 

14-24, In actual operation this^i pressure- 
reducing valve will close when the desired 
pressure is reached and held. But in continuing 
operation of the actuator using the reduced 
pressure, the valve will vary its opening. It 
varies its opening to meter the fluid at the speed 
required to maintain the desired pressure. 

14-25. Figure 54 is the same as figure 53 ex- 
cept that it shows a static condition. If the ac- 
tuator is not- in use, no fluid flows. The fluid 
between the reducing valve and the selector 
valve is trapped. If thermal expansion occurs in 
this line (port E), the increased pressure will 
push the reservoir return valve (B) to the right. 
This movement allows a small amount of fluid 
to be relidvcd out the return port (G). Then the 
spring will close the return valve (B), and the 
fluid will be trapped at the proper pressure 
again. 

14-26. The pressure reducing valve has a 
pressure-adjusting screw (H) to change the 
reduced pressure. Turning the screw coun- 
terclockwise increases the adjusting spring (A) 
pressure. This increases the metered pressure. 

14-27. Sequence Valves. 
Sequence valves are installed qh 
many of our aircraft hydraulic ^ 
systems to allow certain operations 
to take place in a given' manner 
(sequence). These valves are pres-*** 
sure, mechanical or electrically 
operated. Their construction is 
similar to the relief valve. 

14-28. Operation of sequence 
valves is foxind in Vol III, Chapter 
4 of CDC 42152. 



47 



0 



117 



CHAPTER 4 



Flow Control and Directional Units 



^YOU HAVE SEEN how pressure is built up, 
regulated, stored, aiid limited. You must also 
know about the units that control the flow and 
direct it to the actuating units. These include 
selector valves, check valves, flow regulators, 
flow equalizers, variable restrictors, hydraulic 
fuses, quantity-measuring fuses, and^ several 
other units. 

15* Selector Valves 

IS-I.^ Selector valves are used in hydraulic 
systems to control the directional movement oi 
mechanisms. For this reason they are often 
called directional control valves, or controi 
valves. The type of valved used depends upon 
the type of system, the type of actuator, and the 
manufacturer's desires. It also depends upon 
whether the valve is to be used in a closed* or 
open-center system. A schematic comparison of 
the operation of the two types of selector valves 
is sliown m figure 55. 

15-2. When an open-center selector valve is 
in neutral,, fluid will tlow right through it 
without hindrance. A number of open-center 
Elector valves are always placed in series. That 
way, if they are atl in neutral, the power pump 
runs unload^ Not until any one selector valve 
is turned^ wiiT fluid flow to an actuator. Then 
the pressure builds up in the pressure line: 
These valves are used mainly on test stands 
today/ Most aircraft selector valves are the 
closed-center type. They are placed in parallel 
between the pressure manifold and return 
manifold. They block fluid flow when in 
neutral. Therefore, variable volume power 
pumps or pressure regulators are used in a 
closed-center system. ^ 

15-3. The operation of either type selector 
valve in any position except neutral will be the 
same. Fluid from the pressure manifold is sent 
into either alternating line, depending upon the 
setting of the valve. The return manifold is 
always coi^pected to the opposite line. Notice 
that when the closed-center selector valve is in 
the neutral position, it stops the flow of fluid. 
The pressure manifold is always pressurized. 
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Figure 55. Open- and closcU-ccnlcr rolor-typc 
selector valves. 

When the selector valve for the open-center 
system is in the neutral position, the pressure 
manifold is unpressurized. The fluid from the 
pressure manifold has free flow into the return 
manifold through the selector valve. 

15-4. Thrce-Way Selector Valves. A pop- 
pet-type three-way selector valve is shown in 
figure 56. Ithis type of selector valve operates a 
unit hydraulically in one direction; it permits 
either the load on the unit or a spring to return 
the unit to^its original position. 

15-5. Th6 top illustration of figure 56 shows 
hydraulic pressure forcing the piston outward 
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against a load. The upper poppet (B) is un- 
sealed by the inside cam (E). This permits lluid 
lo now from the pressure line (C) into the 
cylinder to actuate the piston. The lower pop- 
pet (A) is seated, sealing the return manifold. In 
the bottom illustration the selector valve has 
been turned to the opposite setting. The upper 
poppet (B) is seated, sealing the fluid from the 
pressureHpe (C). The lower poppet (A) is un- 
seated*^8yihe outside cam (F). The fluid forced 
from the cylinder can flow through the selector 
valve into the return line (D). 



type. The cam and poppet arrangement of the 
four-way poppet-type selector valve is much 
like that in the three-way valve. The main dif- 
ference is that two sets of poppets are used in- 
stead of one. 



r: 




A. Ij)\vcr (return) poppcl 

B. Upper (pressure) pi>ppct 

C. Pressure line 
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Figure 56. Thrce-wa^ piippei iNpe scjeeti«r v;i(ve. 

15-6. Four-Wuy Selector Valves. An exam- 
ple of a four-way selector valve is shown .in 
figure 57. Notice that this Valvc is iiho a*poppct 



Figure 51. Four-way p<ippet-iype selector valve. 

I 5-7. In the neutral position (not shown) all 
four poppets are seated, or closed. This type 
selector valve relieves high pressure trapped in 
^he i|Ltuating lines because of high tem- 
peratOTcs. This excessive pressure will lift the 
upper poppet valves an4 relieve into the system 
pressure manifold. (All pressure lines feed off 
the pressure mafiifold. Return lines feed into 
the return manifold.) It may seem strange that 
pressure due to thermal expansion can be 
relieved into a pressure line. Pressures in excess 
of normal system pressure are dangerous. The 
system is built to withstand system pressure, but 
thermal pressures go much higher than system 
pressures. Consequently, thermal pressures are 
relieved into system pressure lines before a 
critical value is reached. 
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15^8. Critical pressure would, in this case, be 
a pressure high enough to damage the system or 
its units. The system relief valve's functio^p is to 
prevent the system pressure from ever reaching 
the critical* value. In some instances a check 
valve is installed in the pressure manifold 
leading to the selector valve. This valve allows 
fluid to enter the selector valve from the 
pressure manifold, but does not allow reverse 
flow. When such a check valve is installed it 
does not permit relief of thermal expansion 
into the pressure manifold. In this case, a ther- 
mal Expansion relief valve is inserted between 
the check valve and the selector valve. This 
relieves excessive pressure into the return line. 





A. f^'ippct ^ 

B. Pressure pi>rt 

C. Poppet 

D. AiternHting line port 
Figufe 59. 



t. Pop pel 

F. Return' port , 

Ci- Poppet ,/ 

M.- Aiternuting/ line port 

valve 



Figure 58.' Four-port radial-lype selector valve. 

15-9. R'adial Selector Valves* A picture of 
the radial^elector valve is shown in figure 58. 

schematic diagram is shown in figure 59. 

1 5-10. Notice that all ports enter the selector 
valve on the same side irr figure 58. Because of 
this, the schematic (fig. 59) does not show the 
external ports themselves. It shows where they 
enter to match figure 58. The port entrances are 
at B, D, F, and H of the schematic. The uppjftr 
right port (B) is attached to the pressure 
manifold.The lower left port (F) is attached to 
the return manifold, and the other two ports (D 
and H) are attached to the opposite sides of the 
actuator. The cam in the center is attached to 
the control handle on the bapk sj^e of the 
valve. Rotation of the cam causes the poppets 
(A, C,£, and G} to be moved on or off of thelij^ 
seats. The schematic dfWram shows the cam is 
holding poppets A andc off their seats. In* this 
position fluid under pressure enters upper right * 
port (B), flows around right-hand pbppet (A). 



Four-port raclial-type selector v 
(schematic diagram). / 

It flows out^4tr%he actuator throu^ the lower 
right port (H). At the same time, fluid returning 
from the actuator enters upper left port (D). It 
flows around left-hand poppet (E). and exits 
through lower left port (F) to the return 
manifold. 

15-11. If the cam is rotated 90°. the left- and 
right-hand poppets (A and E) seat and the other 
poppets (C and G) will unseat. This allows the 
pr^surized fluid entering upper right port (B) 
to pass through upper^left port (D) to the ac- 
tuator. Fluid returning from the actuator enters 
the selector valve at lower right port (H). h 
flows by poppet (G) and leaves through lower 
left port (F). If the cam is rotated only 45°. the 
lobes of the cam do not push the poppets, off 
their seats, and the selector valve remains in 
neutral. 

15-12. You may sometimes be required to 
adjust and bench test the poppet-type radial 
selector valve. In figure 59, notice the screws 
that link the cam riders to the poppets. Ad- 
justing the length of the piston screws controls 
the amount of poppet triivel. If the screws are 
shortened too much, it wiii prevent the poppets 
from opening soon erto^ugh or far enough. This 
causes a delay* in the start of operation and a 
decrease in the volume of fluid flow. This, in 
turn, results in slower operation of the actuated 
component. Lengthening the * screws too far 
allows the poppets to open too sooh and too 
far. This results in faster operation ot the ac- 
tuated component. The higher speed could 
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cause damage to equipment and injury to per- 
sonnel. Thus, you can see that it is very im- 
portant that the poppets be properly adjusted. 
For the adjusting and testing procedures, 
always follow the instructions given in the ap. 
plicable TO. *^ 
15-13. Compound Sdector Valves. When 
banks of units are to be controlled, several 
selector valves are compounded into one unit 
This conserves space and simplifies installation 
Each selector valve is controlled independently 
by a separate control handle. The primary dif- 
ference IS that only one connection is needed 
tor the pressure manifold and only one for the 
return manifold. It is not necessary to have 
pressure and return connections for each selec- 
tor valve. 
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figure 60. Slidc-e>pc selector valve. 
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A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
J. 



Pressure line from No. 2 power supply system 
Pressure line to No 2 system actuating units 
Pressure line to No. f system actuating units 
Pressure hne from N<i. | p<,wer supply system 
Snapspring 

Return line to No, 2 power supply system 
Return line from No. 2 system actuating units 
Return hne from No. I system actuating units 
Return hne to No. I power supply systefj^i 

Figure 61. Slide- or piston-type selector valve. 



15-14. Slide- or Pi.ston-Type Selector 
Valve.s. The slide- or pislon-type selector valve 
requires only a short movement of the linkage 
to the selector valve to actuate it. It is used in 
closed -center boost systems, nose wheel 
steering systems, wing flap systems, and other 
sub-systems having variable position control. 
One of the major advantages of t\\is type of 
valve is its metering ability. It does not have to 
be positioned all the way open unless desired. 
For this reason, a mechanism can be operated 
at varying speeds. The rate of fluid flow going 
through the valve can be controlled. Frequently 
this valve is referred to, as a '^metering valve.^^ 
15-15. Figure 60. position I, sHows the 
metering valve in the neutral position. Fluid 
under pressure tills the space between the ends 
o{ the piston spool (D). Because the alternating 
ports (C and E) are closed, the fluid is trapped. 
Position 2 shows piston D moved to the right. 
This allows pressure frooi pressure port A to 
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POSITION 1 




A. Positioning arm , J. Plunger 

B. Passage K Passage 

C. Plunger \.. Port to return line 
D Alternating port ^ 

E. Variable opening (plunger seat) 

F. Pressure inlet port 

G. Variable opening (plunger \<\\\) 

H. Alternating p<»rt 

Figure 62. Variahk ieMneii»r c»»nii»»l v;ilvc 



enter the right-hand alternating line (E). The' 
other alternating port (C) Is connected to the 
return manifold through return port n. Position 
y \ pishMi n nuMCti Irfl \\\\\ , 

pU-NMIir l»» riitri <lu* IcH haiul ulU-i luiHnjj liiic 
(O. I lie uilici uUeriiuung line (L) now am- 
nects to return B through the drilled 
passageway across the top. 

15-16. Another design of the slide- or 
piston-type selector valve is shown in figure 61. 
This type of valve is generally used on larger 
type aircraft. With this valve, either one of the 
two hydraulic power systems can route fluid to 
the units of any actuating subsystem. Normally, 
each power system serves certain actuating sub- 
systems. In emergency, this "crossover** selector 
valve lets each power system serve the other 
power system's actuating units. 

15-17. The pressure oi one system may 
become too low for proper operation of its 
hydraulic units. This would often be considered 
an emergency. This seleetor (or crossover^ 
valve can be positioned so the other system 
provides pressure for both systems. 

15«18. The top view in figure 61 shows the 
valve in its normal position. Only pressure lines 
connect to the top slide and only return lines 
connect to the bottom slide. The No. 1 power 
system serves the No. 1 subsystem units. The 
No. 2 power pressure and return lines connect 
to the No. 2 subsystems actuating pressure and 
return lines. 

15-19. Tiic bottom view show& the valve in 
the No. I Position. The slides connect the No. 1 
power system pressure and return lines to bath 
No. 1 and No. 2 actuating system pressure and 
return lines. The No. 2 power system pressure 
and return lines are both blocked. Power 
system pressure enters through line D. It goes 
out to No. 1 subsystem through line C and to 
the No. 2 subsystem through line B. Return 
flow from No. 2 subsystem enters through line 
G; return flow from No. !• subsystem enters 
through line H. Fluid from both subsystems 
joins and goes out line J to the No. 1 power 
system return. 

15-20. If the valve is placed in No. 2 
Position, the slides are reversed and the action 
is reversed. Now, No. 2 power system pressure 
line. (A) and return linc.(F) will serve both No. 
1 and No. 2 subsystems. The purpose of snap- 
spring E is to hold the slides flrmly in the 
positions they wer6 placed in. Another selector 
valve like we discussed before is still required 
in each subsystem. It is needed to direct fluid to 
^^^jwther alternating line in order to extend or 
"■""i-etract the actuator. The selector valve in flgure 
61 does not do this: rt merely selects the power 
source to be used. 
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15-21. Variablc-Rcslriclor Coiilml VaL 
vcs. This type valve is generally limiiod lo 
opcn-ecmcr syslems designed lo nperaie (light 
c.uilrt.l surCaees. Ii is ennstrueted so ihai 
mnvemeni ol ihe enekpit control stick will 
cause a restriction of the open-center flow The 
amount of restriction is determined by the 
amount of control stick movement. The restric- 
tion of the open -center tlow causes a pressure 
buildup. The amount of pressure buildup deter- 
mines the degree of control surface movement 
15-22. In position I of figure 62 notice that 
thc„two plungers (C and J) are in the neutral 
position. This allows fluid to enter inlet port F 
and now unrestricted through the two variable 
openings (E and G). Then it flows through the 
two internal passages (B and K),. and out 
through the return port (L). In position 2, the 
positioning arm (A) has been moved to the left 
. forcing the left-hand plunger (C) downward' 
When the plunger is forced all the way down 
the variable opening (E) and the internal 
passage (B) arc closed. Therefore, fluid En- 
tering the pressure inlet port (F) must pass 
through the right-hand variable opening (G) 
From there it goes out the alternating port (H) 
to the actuating cylinder. Return fluid from the 
actuating cylinder enters the alternating port 
(D) passes around the lower portion of the left- 
hand plunger (C). Then it goes up through the 
internal passage (K), and out the return port 

!,5-2J. Position 3 of figure 62 shows' the 
positioning arm (A) moved to the right, forcing 
the right-hand plunger (J) downward The 
plunger blocks variable opening G and internal 
passage B. The fluid returning from the ac- 
tuating cylinder enters alternating port H and 
passes around the lower portion of plunger J 
From there it flows up internal passage B and 
out return port L. »- e 

15-24. In positions 2 and 3. we have shown 
the plunger completely blocking off variable 
openmg £ or G. This allows a maximum 
buildup of pressure in the open-center Wm 
However if the plunger is not completely 
depressed, openings E and G are not com- 
pletely closed. This results in a limited pressure 
buildup in the open-center system, which in 
turn Jimits the control surface-movement The 
distance the control surface moves depends on- 
(I) the airload opposing its movement, and (2) 
the hydraulic pressure applied at the actuating 
cylinder trying to move the control surface A 
low-pressure buildup in the open-center system 
.results m a smalf movement of the control sur- 
taces. A high-pressure buildup results in a large 
rnovement. Thus, the pilot can easily control 
tne movement of the control surfaces. 



15-25. KItfclrically Opcrulcil .Selector 
Valves. There are two types of electrically 
operated .selector valves— .v/»/i'/i/»iV/ oin-ruicd 
and mntnr uinruivd. StMenoiils are electrical 
devices (hat can he used lo position mechanical 
units. Solenoids and motiSi« permit us to 
position selector valves thiJt are remotely 
located in the aircraft. Another advantage of 
electrical control is the removal of high- 
pressure lines from the cockpit. Furthermore, 
much weight is saved by the reduction of the 
length of hydraulic lines. 

15-26. Solenoids have two positions that can 
be used when positioning a selector valve. One 
position IS obtained by energizing the solenoid 
with electrical current. The other is the position 
assumed whenever the electrical current is shut 
olt. This position is maintained by a spring. 

15-27. The motor also has two positions. It 
does not have to be energized in order to 
remain in either position. Howeyer. it must be 
energized in order to run to fither position 
The motor^ is a small high-Ipeed type. It 
positions the selector valve tl*ough a set of 
reduction gears. When a valv/ij to remain in- 
either position without the constant use of elec- 
tricity, a motor will likely be used. 

15-28. Since solenoids are faster operating 
and less expensive, they are more often used on 
aircraft. Many hydraulic installations require 
three-position selector valves. An example is in 
the landing gear system. If iM valves are 
solenoid operated, two solenoids are used 
When the landing gear is being retracted, one 
of the solenoids is energized. This one moves 
the selector valve to the UP position. When the ' 
gear is upland locked, neither of the solenoids 
IS energized; the selector valve assumes the 
neutral position. During the extension of the 
landing gear, the other solenoid is energized; it 
moves the selector valve to the DOWN 
position. Some emergency means is provided 
for the pilot to lowei^ the gear in case electrical 
power fails. 

15- 29. Single solenoids are sometimes used 
with two-position selector or control valves 
The solenoid moves the valve to one position 
and a spring returns it to its original position 
With this type of installation, no neutral 
position is provided. 

16, Flow Control Valves 

16- 1. We are now going to study units that 
control the flow of hydraulic fluid in systems 
and subsystems. They control rate of flow, total 
quantity of flow andidjrection. They contribute 
much toward sm^ness and efficiency of 
operation. , 
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A. Spring 
B Con/ 
C Valve scat 

Figure by. Cone- anU ball-type check valves. 

16-2. Check Valves. Check valves are in- 
stalled in hydraulic systems to trap fluid under 
pressure in some part of the system. They do 
this by permitting free flow of tluid in one 
direction and no flow in the other. Typical 
examples of check valves are shown in figure 
63, The top illustration shows the cone-type or 
sleeve-type check valve. As fluid pressure is ap- 
plied in direction of the arrow, cone B is foiced 
back off chec]k valve seat C. This allows fluid to 
pass freely through the drilled openings of the 
cane. Tbe^ bottom iUusttation ^aws a hail-lype 
check valve. As pressure is applied, the ball 
moves back off its seat, thu^ letting fluid flow 
freely through the valve. The spring (A) holds 
the ball or cone on its seat whenever no fluid is 
flowing. The spring is very weak; it takes about 
eiftht psi to push it back far enough for full 
floB^When fluid attempts to flow in the op- 
posite direction, the spring plus fluid flow seats 
the ball or cone. Thus fluid can flow in one 
direction onlv through the check valve. 




Figure 64. Fixed t»ritice. 

16-3. Orifices. Orifices are often referred to 
as restrictors. They are used in systems to limit 
the speed of movement of such items as the 
wing and cowl flaps. They do so by serving as 
restrictions in the line; they limit the rate of 
fluid flow^igure 64 shows the construction of 
a typical fixed orifice. 
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Figure b5. Variable orifice. ^ 
16^. Other types of orifices are constructed 
so that the amount of restriction can be varied. 
The type shown in figure 65 is built so that you 
can alter the rate of fluid flow. It lets you adjust 
the speed or time of operation of a subsystem. 
Check your TOs for time requirements. 
Another type, similar to that shown in figure 
65, has a handle on the top of the adjustment 
screw. It resembles a water faucet. This type can 
be used to control the speed of operation of 
^U€4v*ubsyst^ms as wirvdstiieW wipers. Frequen- 
tly the type valve having the handle is referred 
to as a globe valve or star valve. It can be used 
to shut off fluid flow completely if desired. 
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A. Outlet port 
B Cone 
C. OriJ'tce 



D Inlet port 
E. Orifice 



Figure 66. Cone- and ball-type oritiee check valve. 
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•16-5. Now, of course, it seems logical to 
combine the orifice and the check valve. We 
next discuss this combination. 

16-6. Orifice Check Valves. Orifice check 
valves are a combination of an orifice and a 
check valve. They provide the effects of both in 
a hydraulic subsystem. They allow normal 
speed of operation in one direction but limit 
speed in the other. Some typical examples of 
orifice check valves are shown in figqre 66, 

16-7. The top illustration shows the cone- 
t^pe orifice check valve. Cone B is moved off 
Its scat whenever enough fluid pressure is ap- 
plied at inlet port D. This allows free flow of 
fiuid through the valve and out A. Fluid flows 
through the valve in the opposite direction but 
IS restricted by the size of orifice C. The bottom 
_ Illustration of figure 66 shows a ball-type 
orifice check valve. Fluid flow through the 
valve from the left to right as shown by arrow D 
IS normal: fluid flow through the valve the op- 
posite way IS restricted by the size of orifice E 
The oritice is a drilled passageway located in 
the housing of the valve. 

16-8. The orifice check valve is usually in- 
stalled in the alternating line that carries fluid 
frvm the cylinder. It is in this direction of 
operation that slower movement is desired It 
slows down the piston speed because fluid can- 
not escape from under it any faster than the 
orifice allows. To illustrate this, let's use the 
landing gear as an example. The orifice check 
valve IS installed in the -'up" alternating line It 
altows the fluid to flow freely into the cylinder 
lor rapid retraction of the gear. As the gear is 
extended, fluid leaving the cylinder must pass 
through the orifice. Thus, a cushioning effect 
results and tJie gear falls slowly, thereby 
preventing structural damage. If the restriction 
were placed in the "down " line, it would limit 
the quantity of fluid entering the cylinder and 
have n,) ellect the fluid leaving. This is not a 
go.,d situation because the gear is heavy and 
tends to tall Ireely. As a result, a partial vacuum 
w.)uld be created in the cylinder, and the gear 
xv»)uld fall too rapidly. 

16-9. .SinililK-rs. In most system.s. reading the 
pres.sure gage is the best way to see il the .system 
IS xvork.ng right. .Some sy.steins have warninu 
lights Inr this purpose, hut even in those cases 
there will probably be a gage. Two types ol 
gages are used in most aircraft: (I) the direcl- 
pres.sure type aiul (2) the pressure-transmitter 
ly|K-. Ihe latter is vicelrically operated. 

K.-IO Ihe direct-pre.s.sure type has a small 
I uid Inie rtiniiiiig J.ieclly to a Bourdon tube in 
the gage iisell. ( I his curved tube was previously 
di.seus.sed t» Chapter ^ as operating a pressure 



switch.) The Bourdon tube is sensitive to the 
slightest change in pressure. This causes the 
needle to be moving almost constantly and 
makes it hardno read accurately. A dampening 
device, or snubber, is installed in the line 
leading to the gage and is usually positioned 
near the gage. The snubber smoothes out the 
venations in pressure so the gage reads the 
average of the fluctuations. 

16-11. The snubber itself is merely an- ex- 
tremely small restrictor. The process of drilling 
tiny holes in steel is expensive and extremely 
difficult. Therefore, the snubber is made by 
drilling a large hole and inserting a pin into it. 
The tolerance between the hole and the pin 
provides the desired restriction. There is one 
important point to remember when you are in- 
stalling the snubber in a gage line. You must 
bleed the air from the line betwejpn the snubber 
and the gage. If the air is not released, the gage 
will be inaccurate; there will be a time lag bet- 
ween pressure variations and the gage readings. 
Also, because air is compressible, the gage ac- 
tion will be sluggish. 
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HiguiL- (i7 Sliullli' valviv 

16-12. .ShuItU- Vulves. We usually say that 
the emergency system is completely separated 
Irom the normal system. This is true only up to 
il point. The emergency .sy.stem uses a separate 
reservoir, pump. etc.. but only one set of ac- 
tuators is usually used, to transmit power from 
either .sy.stem. It is nece.s.sary to .separate the 
normal .sy.stem Irom the emergency .svstem at 
the actuator, yet either sy.stem must ' operate 
when needed. I he shuttle valve (jig. 67) serves 
tins purpo.se, Il is a small ihiee-pori unit uith 
one luov.ng pari-,he shmtle (A). The aetualinu 
eyiinder port (|)) ,.s connecled to one ..| the 
pons on the actuating cylinder. Lilher ol the 
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two remaining ports (E) or (C) may be con- 
nected to an alternating line from the 
emergency system selector valve. It is not 
necessary to operate all actuators in both direc- 
tions during an emergency. Therefore, some ac- 
tuating cylinders may have a shuttle valve at- 
tached to only one port. 

16-13. Consider the landing gear actuating 
cylinders, for example. It is not necessary to 
retract the gear in an emergency. Therefore, a 
shuttle valve is necdeiM^in the ''down" port 
of the landing gear ^^png cylinder. 

16-14. In figure 67 the shuttle (A) is shown 
held to the right. Fluid coming from the normal 
system through port C has a path for fiow out 
actuating cylinder port D. The spring-loaded 
ball (B) will hold the shuttle in this position in- 
definitely during normal operation. H^ever, 
when normal system pressure is lost and the 
emergency system is operated, fiuid en^rs port 
E. This forces the shuttle to the left, blocking 
port C. This prevents emergency fluid from 
escaping into the normal system. Now the 
emergency fluid has a path for flow into the ac- 
tuator. The shuttle valve has satisfactorily 
separated the two systems. 

16-15. Hydraulic Flow Regulators. The 
flow regulator is sometimes called a constant 
flow valve or ^ flow control valve. As in the 
case with most hydraulic units, the Rame 
describes the function of the unit. Any one of 
its names tells lis that its job is to keep the fluid 
flow at a constant rate. It does this in spite of 
changes in system pressure or actuator 
demands. ^ 




A. UoUy 
H. Sl»)ls 
C. Inpul p«»rl 
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D. Retainer 
F. Output port 



Figure 68. HyJrauliL rcjiuliiu»r -IrcL- now condition. 

16-16. The flow regulator has only^ one 
moving part, the piston (E), as shown in figure 
68. The valve regulates flow only irom port C 
to port F. If it is installed backwards^ it will not 
regulate. The t)ody (A) o! the valve is marked 
with an arrow to indicate the direction of 
regulated flow. 
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A. BixJv D. Retainer 

B. Slots E. Pislon 

C. input p»)rt F. Output port 

Figure 69 Hydraulic flov regulator — restricted-How 
condition. 

16-17. Operation of the flow regulator can 
also be seen in figure 68. Fluid enters the inlet 
port C, passes through the orifice in the head of 

' piston E, and through piston slots B in the side 
of piston E. Thei^it passes out the output port 
(F). Any increase of pressure in port C will 
tend to increase the flow through the orifice in 
the head of piston E. But, the difference in 
pressure between the front and the back 6f the 
piston head will increase also. This pressure 
differential makes the piston move to the right, 
thereby compressing the spring. When the 
piston moves to the raght, the slots (B) in the 
piston no longer line up with the holes in the 
regulator body (see fig. 69). This places an ad- 
ditional restriction on the fluid to keep it from 

Rowing any faster. The piston can never move 
right ^r enough to completely block the ports 
in the side of the regulator body. Because, 
before this could happen the pressure behind 
the piston would become equal to the pressure 
in front of it. The spring then, will hold the 
piston to the left enough to keep the ports 
open. Retainer D limits the leftward move- 
ment of piston E. 

16-18. An increase in pressure normally in- 
creases fluid flow through an orifice. But we see 
this is not the case With this flow regulator. As 
the pressure increases, the size of the openings 
for fluid flow at slots B decreases. This main- 
tains a constant rate of flow. If the movement of 
the actuating unit calls tor more fluid, the fluid 
flow starts to increase. An increase in demand 
by the actuating unit causes a deercifse in 
pressure behind piston E. This causes the piston 
to^movc to the right, and therefore it decreases 
the size of slot opening B. This prevents an in- 
crease in fluid flow to the actuating unit. Thus, 
our flow regulator maintains a constant rate of 
flow. It does so regardless of variations in 
system pressure and regardless of the actuating 
unit's demands. ^ 
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A. Actuating cylinder D. Flow regulator 

B. Alternating lines E. Pressure line 

C. Selector valve F. Return !ine 
Figure 70. Hydraulic flow regulator installation. 

16-19. An example of typical flow regulator 
installation is shown in figure 70. System 
pressure enters at pressure line E. When selec- 
tor valve C is positioned, fluid flows through 
flow regulator D. Thus, regardless of the selec- 
tion, one of the alternating lines (B) will have 
regulated flow through it. This insures a smooth 
operation of actuator A, either way, at a 
uniform rate. Fluid returning to the reservoir 
goes through port F. These valves are available 
in differei^t flow capacities and are rated in 
gallons per mirfute (gpm). 

16-20. Flow Equalizers. The hydraulic flow 
equalizer is a unit that hydraulically syn- 
chronizes the movement of two actuating cylin- 
ders. Remember, synchronize means to move 
exactly together. To do this, it divides a single 
stream of fluid from the selector valve into two 
equal streams. Thus,cach cylinder receives, the 
same rate of flow, and both move in unison. 
The flow equalizer also combines two streams 
of fluid at an equal rate; therefore, it syn- 
chronizes the actuating cylinders in both direc- 
tions. Since this unit equally divides and com- 
bines flow, it is said to be dual acting. 
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16-21. Figure 71 shows how the flow 
equalizer synchronizes the movement of the ac- 
tuating cylinders in both directions. In the left- 
hand picture the equalizer is splitting the flow 
to extend the pistons. The right-hand picture 
shows the valve combining the two streams 
coming from the cylinders as the pistons 
retract. The flow equalizer equalizes the flow, 
regardless of the pressure required to operate 
the actuators. Therefbre, two cylinders with ' 
unequal loads will be properly synchronized. 




Figure 71. Flow equalizer installation. 



A. Side passage 

B. Sleeve 

C. Inlet port 

D. Plug 

E. Side passage 

F. Combining check valve 

G. Splitting check valve 

H. Piston land 
. i. Lett-hand exit pqiX*- 
K. Metering groove 

Free-floating metering piston 

M. Piston land 

N. Right-hand exit port 

O. Metering groove 

P. Splitting check valve 

Q. Combining check valve 

Figure 72. Flow equalizer — splitting position. 

16-22. One type of flow equalizer is shown 
in figure 72. This type is used to divide the 
pump^s fluid output into the two different 
systems. 

16-23. In figure 72, the flow equalizer is 
shown in the splitting position. Fluid enters 
inlet port C, where it pushes "Sown plug D and 
uncovers the two orifices in sleeve B. The fluid 
then splits and tends tb flow equally down the 
two side passages (A and E). It then flows 
through the two splitting check valves (G and 
P) and metering grooves (K and O) in the valve 
body. Then it flows out the exit ports (J and N) 
to the actuating cylinders. Any difference in the 
rate of flow between the two passages results in 
^ pressure differential between these passages. 
Then the free-|loating metering piston (L) shifts 
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to equalize the internal pressures, and the flow 
equalizes. 

''16-24. To illustrate this equalizing action, 
let's assume that the actuating cylinder at^ched 
to the left-hand exit port (J) moves casierihan 
the one attached to the right-hand exit port (N). 
The fluid would then try to flow faster out the 
left-hand -exit port, but in doing so it must also 
flow fasten through the left-h^nd passageway 
(E), Fluid lc&1%g exit port l/meets with more 
resistance; so The flow do\vn the right-hand 
passagew^ay (A) is slower, aid the pressure is 
greater than that of left-hanclpassageway (E). 
To explain this, think back ittsChapter 1 to 
where you studied venturi tubes. There you 
learned the law of physics which states: As the 
velocity of a gas or liquid increases, there will 
be a corresponding xlecrease in pressure 
(against the walls of the tube). ThiyjKJmentary 
pressure differential forcesifee-floating 
metering piston to the left. >This causes the 
space between piston land^H and metering 
groove K to become smaller, which restricts the 
flow of fluid out the left-hand exit port (J). 
Thus, the f ow equalizer imposes a restriction 
on trf fluid that has a tendency to flow faster. 
Thi#equalized the flow in the two streams. 




A Side passngc 
B Sleeve 

C. Inlei pi»rt ^ 
D Plug 

E. Side p:is>;»ge ^ 

F. C\>fnbining ehoek valve 
G Splilimg eheek^valvc 
H. PisH>n liirid 

J. l.ell-band exit p*>rt 
K. Meiering groove 

Free-til »ai>ng moron ng pision 
M Pision land 
N. Kjghl hand cxii pori 

Metering groi>ve 

Splitting ehoek valve 
J Ci^nihining eheek valve 

Fieure 73 Fli»v^ -equalizer — combining position 

16-25. In figure 73 the combining position 
of the flow equalizer is illustrated. This shows 



the units joining two streams of fluid at the 
same rate. Here the fluid enters the two ports (J 
and N) at the bottom of the valve. It cannot get 
through the splitting check valves (G and P). So 
it travels around the cylindrical-shaped 
metering piston and enters the combining check 
valves (F and Q) from the top. The pressure of 
the fluid opens the check valves and travds up 
the two side passages (A and E) to oriji^p/sleeve 
B. The fluid pressure gets under sleeve B 
through a drilled passage and forces it upward. 
This uncovers the orifices and allows the fluid 
to flow out inlet port C. 

16-26. Again for purposes of illustration, 
let's assume that the actuating cylinder attached 
to the left-hand exit port (J) moves easier. Fluid 
entering that port will then attempt to flow 
faster. But. as it leaves the check valves and 
flows up the left-hand passageway (E), it meets 
the restriction of the orifice. Therefore, if the 
flow momentarily increases, the orifice will 
cause an increase in pressure back through the 
left-hand passageway (E). This will force 
metering piston L to the right. This causes a 
restriction between metering groove K and 
piston land B. The fluid which tends to flow 
fastest has again been restricted. 

16-27. Hydraulic Fuses, In the modern jet 
aircraft, the hydraulic system plays an im- 
portant part in the flight operation. Some of the 
newest aircraft cannot fly without hydraulic 
pressure, the reason being that it is the sole 
power source for operation ^f the flight control 
surfaces. For this reason it is necessary to 
protect the system from complete failure. 

16-28. If a system had no protective devices, 
complete failure could occur. A leak in any line 
or a blown seal in any unit might allow all the 
fluid to leak out. In combat aircraft, hydraulic 
boost operation of the flight control surfaces is 
most important. We don't want our entire 
systenVto become inoperative when one line has 
been shot away. We divide our system into sec- 
tions so that a leak will not allow total fluid 
loss from the system. The sections are linked to 
the power section or each other through a 
hydraulic fdle. This valve limits the fluid loss to 
the amount contained in the small section of 
the system that is isolated. 

16-29. As its name implies, this unit is 
similar lo an electrical fuse. When too much 
current flows, the electrical fuse '^blows" and 
opens the circuit. The hydraulic fuse stops the 
flow when a certain amount of fluid has passed 
through it. It actually n.easures the quantity of 
fluid that is flowing. That is why it is sometimes 
call a qjtandfy-mcasurini^ fuse, 

i8 




42.334 

Figure 74. Hydraulic lusc— static condition. 

16-30. Figure 74 shows a cutaway schematic 
of the hydraulic fuse in. the static position. In 
this position there is no flow of fluid in either 
direction. This is the position the valve 
assumes whenever the system it protects is not 
in operation. When fluid is flowing however, it 
measures the flow from left to right. It cannot 
measure flow, neither can it act as a fuse if fluid 
flow is in the opposite direction. For this 
reason, hydraulic fuses are placed in the 
pressure line going to* a subsystem selector 
valve. Otherwise, one must be located in each 
alternating line after the selector valve. Figure 
75 shows these two methods of tnstalling the 
fuse. 




Hiuurc 7S HvthauliL I use instah.." m 

■^^.^I. In figure 76 wc sec the hyOraulic fuse 
in the IIdw position. The fluid enters the inlet 
port (F). There it splits, flowing along the side 



passages and on to the center' of the valve 
through the drilled holes. Here it pushes sleeve 
B back, letting fluid pass out the other holes, 
around the outside passages, and out the exit 
port (A), While this is going on, some of the 
fluid entering the inlet port (F) goes through 
the small orifice (E). This fluid slowly pushes 
piston D back. This happens because of fluid 
flow; there is less pressure on the back side of 
the piston than on the front. If more fluid flows 
than is normally required for one actuator 
operation, the piston will have moved all the 
way back until it hits sleeve B. (One normal 
operation will not move it that faf.) In this 
position the piston blocks the holes drilled 
through from the outer passages. Mow fluid 




A. hxit port 

B. Sleeve 

C. Check valve 
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D. Piston 

E. Orifice 

F. Inlet p<irt 



Figure 76. Hydraulic luse— normal ptiri. 

flow from the exit port (A) stops. In this 
position t4ie valv^ is fused, as is shown hr figure 
77. Remember, fluid flows through the fuse 
continuously until the piston moves back far 
enough to block the holes. Thus, the amount of 
fluid flow before the valve fuses depends upon 
the time it takes the piston to move to the right. 
If orifice E is large, the piston moves faster, 
allowing less fluid flow through the valve 
before it fuses. A small orifice causes the piston 
to move ^wer; this allows a greater volume of 
fluid to flow before the valve fuses. 
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16-32. The size of orifice used depends upon 
the amount of fluid needed to move the ac- 
tuator to its extreme travel lv»r instance, we 

a laiuMiis grai a% mai ns , % Uo»<t'< 
iicciU 4\) cubn. luwhc^ ot duM toi ihc |kis4v»u iv^ 
b«5 lully extended In this cylinder line wc 
would install a fuse of about 45-cubic-inch 
capacity. We always us a fuse of slightly larger 
capacity than the actuator requirement. This in- 
sures that the valve will not fuse before the 
cylinder has reached its full limit of travel. 
Since the oriHce cannot be' removed from a 
fuse, we have fuses with different sized orifices. 
Each f"se has the flow capacity clearly marked 
on its body. Hydraulic fuses contain a check 
valve (C) to permit reverse fluid flow should 
the fuses be connected in alternating lines. 
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Figure 78 shows thts reverse ftow condition 
with the check valve open. During revef^ flow 
the check valve (C) is pushed back to open side 
ports in sleeve B. Both sleeve B and .piston D 
are pushed back to their original static position, 

16-33. During normal operation the valve" 
ni'arly fuses each, time the full actuator Capacity 
tlows through it. When the fluid flow stops, 
pressure equalizes in all parts of the fuse. Then 
the large spring forces the sleeve and piston 
back to the static position. The fuse also 
**resets" to the static position when fluid 
pressure is relieved in the fused line. 

16-34. If an alternating linf bursts, or an ac-'. 
tuator seal fails, the fuse allows its normal flow 
capacity to escape. At that time it fuses, preven- 
ting further fluid loss from the system. 
Although hydraulic fuses allow some fluid to 
escape from the system, enough remains to 
operate the other units. 

16-35. Maintenance of* Conlrol Valves, 
Maintenance oi ct)ntr<)l valves consists ot 
disassembly, inspecting, testing, and repair or 
replacement of defective parts. After disassem- 
bly, inspect the pistons, cylinders, and sleeves 



for nicks and scratches that may cause leaks. As 
with all disassembled hydraulic components, 
the (Viing paekinu^ and ea^kets mtiM be 

wwx^i hs. pul back \\\ itb original pobitiou. i his is 
a "must" because these identical parts are 
mated (fitted) to their retainer. Reniember also 
that work on all control valves must be done 
according to current overhaul TOs. 

17. Hydraulic Actuators 

17-1. The purpose of hydraulic actuators is 
to transform fluid pressure into mechanical 
force of action. This force can be exerted in a 
straight line or in a rotary direction. The direc- 
tion depends on the type of actuators used. An 
actuating cylinder is generally used for straight 
line action, whereas hydriaJulic motors are used 
for rotary action. We covered hydraulic motors 
in Section 1 1, so we will now discuss only the 
cylinder actuators. 
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17-2. 1 he units (^1 an actuatmg cylmder, 
figure 79. consist csseniially of a cylinder (D), a 
' pistorf (E), ont; or two piston rods (A), ports, 
and the necessary seals. Actuating cylinders are 
usually Uoublc-actmg. that^ is. Huid under 
pressure can be applied to either side of .the 
piston so as to, cause movcrtieni in either direc- 
tion. Single-acting actuators with a spring 
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'return are used in some instances to actuate 
brakes and to charge machine guns. Balanced- 
type actuators arc used to obtain the same 
amount of force in either direction. 

I7r3. Single-Acling Actuating Cylinder. 
The top drawing in figure 79 shows the single- 
port single-acting actuating cylinder. Fluid un- 
der pressure enters the pressure port (F) and 
moves the piston (E) toward the opposite end of 
the cylinder. In doing so, it compresses the 
spring (C). When the pressure is released, the 
spring returns the piston to its original 
position. Note that the chamber behind the 
piston is vented at B to permit free movement 
of air in and out. 

17-4. Double - Acting Unbalanced -Type 
Actuating Cylinder. The second drawing in 
figure 79 shows the most, commonly used type 
of a two-port actuating cylinder. These ac- 
tuating cylinders are commonly used with lan- 
ding gear, wing flap, speed brake, and cargo 
door systems. Fluid under pressure entering the 
right-hand port forces the piston to the op- 
posite end of the cylinder. It thereby moves the 
mechanism attached to the rod. At the same 
time, the fluid ahead of the piston js forced out 
of the cylinder. It is retunied through the selec- 
tor valve back to the /esfcrvoir. If fluid under 
pressure is sent into! the left-hand port, the 
direction of'the pistonMs reversed. Fluid ahead 
of the piston is again forced out of the cylinder 
and returned to the reservoir. With this type of 

a mecha nism can be moyed_ 
Tri cHher direction. It is done by changing the 
direction of flow of the fluid as controlled by 
the selector valve. 

17-5. Sometimes a mechanism requires more 
force to move it in one direction than the other. 
The double-acting unbalanced actuator will 
provide these unlike forces. Assume that the 
double-acting cylinder, shown in the center of 
figure 79, is a landing gear actuating cylinder. 
When the piston moves to the right and the 
piston rod moves out of the cylinder, the geaMS 
raised. When the piston moves to the left, the 
gear is lowii|yed. 

17-6. The reason for this construction is that 
a greater force is required to raisejtb© gear than 
to lower it. The higher forcfTlsobtained by 
having the fluid act on the^fuU area of th6 
piston. Less force is obtained by the fluid's ac 
tion on the smaller area of the rod side of the 
piston. The formulas in Chapter 1 regarding 
force, area, and pressure apply here. You can 
assume that the pressure entering either end of 
the cylinder is the same. Now apply the formula 
area x pressure « force. Accordingly, most 
^orce is against the side of the piston with the 



^largest, force area. In this case, it is the side op- 
posite the piston rod. ^ 

17-7. Doublc-Acling Balanced-Type Ac- 
tuating Cylinder. This cylinder, shown at the 
bottom of figu/c 79, is similar to the double- 
acting type. BiVt in this case, the piston rod ex- 
tends through the piston and out through both 
ends of the cylinder. One or both of these 
piston rods may be attached to a mechanism. In 
either case, the rods are used to provide equal 
areas pn each side of the piston. Therefore, by 
the formula, with equal pressure we will get 
an equal force applied on each piston face. 
Also, the same quantity of fluid will move the 
piston the same' distance either way. Control 
surface boost, nosewheel steering, and wind- 
shield wiper systems often use this type of ac* 
tuating cylinder. 

17-8. In recent years, the standard actuating 
cylinders, as those mentioned above, have been 
changed into more complex units. Snubbing 
and locking mechanisms have been built Into 
the cylinder itself. An actuating cylinder with 
an internal snubber valve will be discussed first. 

\ 17-9. Internal -Snubber- Type Actuator. 
This type of actuator reduces damage to 
mechanisms due to rough handling. The snub- 
ber prevents the actuator from slamming into 
its »end of travel with great force. Travel is 
slowed down when the piston nears either end 
of the cylinder. No external cushioning devices 
ar^equired. ^igui^^is-a^typtcah exa^^ 
an actuator with an internal snub valve assem- 
bly. The snub valve (D) is a chamber within the 
left chamber of the cylinder (fig. 80). Fluid can 
enter and leave the snub valve chamber through 
snub valve passageways (J) and the restrictor 
check-^alve (E). Most of th4 fluid that moves 
^ piston either way must pass through this 
cWmber. During the middle portion of the 
piston's travel this fluid flow is quite unrestric- 
ted. That means the piston, rod, and attached 
mechanism can move rapidly. But, as the piston 
reaches either end of its travel, the openings 
intft^^f^ snub valve -(D) chamber become 
restrict/d. This means the flow of actuating 
fluid ^through the chamber also becomes restric- 
ted. This slows down the speed of the piston at 
the end of its travel in both extend and retract 
mode. 

17-10. Sleeve C and spring B are important 
parts of the snub valve. Notice, in each "Snub 
Valve Closed" view in figure 80, sleeve C 
blocks most of the J passageways. In the "Snub 
Valve Qj^n" view, the J passageways are un- 
block£<i^ When the J passages are open, the 
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. Figure 80. Internal-snubbcr-type actuating cylinder. 



piston can move rapidly. When they are closed 
the piston moves slowly. ^ 

17-11. The top view of figure 80 shows the 
actuator fully retracted. Snub spring operator L 
(the shoulder) has contacted sleeve C and 
moved it to the left. In doing so, it compressed 
snub valve spring B. During the compression of 
the spring, sleeve C moved far enough to block 
the (J) passageways. This slowed the travel of 
the piston during the last part of retraction. 
Since port G is connected to the return line 
. during retraction, restrictor checlc^lve E is 
closed. 

17-12. The middle view shows the actuator 
beginning to extend. Fluid pressure enters ex- 
tend port G. Looking at the top view again, a 
! small amount of fluid will pass through the 
orifice (F). Other fluid will push back the 
check valve (E), and a small amounJUAwil^l pass 
out the D chamber through the passageways (J). 
The combined force of the fluid going through 
the orifice (F) and the passages witl start ex- 
tending the piston slowly. When the piston has 
reached the point shown in the middle view, the 



(J) passages are wide open. Now thepe^ is full 
flow from port G, through the che^k^alve (E), 
through the (J) passages and to^^iie piston face. 
The. piston now can move a/^full speed, 

17-13. When the pisltpAns almost fully ex- 
tended, snub spring operator H (another 
shoulder) contacts shoulder K on sleeve C. This 
is shown on the bottom view of figure 80. As 
the piston extends the last distance, it pushes 
the sleeve to the right, thereby blocking the (J) 
passages. This immediately reduces the force 
acting on the piston because the actuating fluid 
is now restricted to orifice F. Because of the 
reduced fluid input the piston must slow 
down during this last fraction of its travel. The 
bottom view now shows the actuator at rest, 
fully extended. Notice that the final travel com- 
pressed spring B and closed check valve E. 

17-14. Now retraction. Fluid pressure enters 
through the retract port (A). It exerts force on 
the opposite face of the piston and pushes the 
piston to the left. As the piston moves, the fluid 
in front of it must pass out through port G to 
the return line. With the (J) passages almost 
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completely closed, the tluid must pass through 
the orifice (F) to escape. This orifice restricts 
the //Vsjf flow of fluid and the piston travel to 
slow motion. However, as soon as the sleeve 
(C) moves left far enough (propelled by spring 
B), the (J) passages are opened. Now the major 
fluid flow can pass out through the chamber 
ot-D. through the orifice in the check valve, to 
port G. As a result, the piston speed increases, 

17-15. When the piston reaches the point 
shoun in the middle \ieu. snuh spring (operator 
L again contacts sleeve C. The sleeve moves left 
and starts to block the (J) passages. This slows 
the piston, which ends up in the positiini. shi^wn 
in the top view — retracted. During extension, 
the actuator reduces speed In restricting input 
tluid. During^ retraction, speed is reduced by 
restricting tiuttlow fluid. Notice the small 
openings ni the extreme leti end of the sleeve C; 
the> ctMincet the right end and the left end of 
the extend tluid chamber. The acluati^r (in this 



figure) produces more force when it expends 
than when it retracts. 

17-16. An actuator vVith an internal locking 
mechanism will be discussed next. Such an ac^ 
tuator eliminates the need for a separate ac- 
tuator for locking. 

17-17. InletnaULock-Tvpc Aciuulor. Fig- 
ure 8 1 s^ows a typical actuating cylinder (B) 
with an internal U^ck/This actuator will lock it- 
self in the retracted position. The weight of any 
niechanism attached t(i the rod cannot extend 
the rod. In fact, the only way t(i unlock it is to 
apply fiuid pressure to the extend port. 

17-18. Here is how the piston locks. When 
fiuid enters the retract pressur'e port (A), it 
pushes the piston (C) to the left. As -it ap- 
proaches the lock the lips ot the hollow' piston 
head enter the space between retainer D and the 
cylinder wall. See the lower view. As the lips 
slide in. they contact retainer C and push it 
hack, eompressing the retainer spring ( K). 
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When the lips pass beyond the locking segments 
(M),*'the segments will spring up behind the 
lips. When the segments move outward they 
make more space for thr- toggles (L). The 
toggles can now take the vertical position as 
shown in the upper view. When the toggles 
move lo the expanded positiop, the lock rod 
piston (J) can move to the right. The lock 
spring (G) pushes the lock rod pislpn to the 
right. There, it locks the toggles that in turn 
lock the segments that lock the piston. This ac- 
tion prevents the piston from being pulled out. 

17-19. To unlock the piston and extend it, 
fluid' pressure is sent into extend pressure p^rt 
(F). The fluid flows into all chambers between , 
the head of piston C and the head of lock rod 
piston J. Bccausc^t is locked, it cannot move 
piston C to the rignt. It can, however, push the 
lock rod piston (J) to the left while compressing 
the lock spring (G). When piston J moves left, it 
pulls toggles (L) partly out from between 
segments (M) and unlocks them. Now the lips 
of the piston (C), which arc pulling to the right, 
can depress the locking segments and escape. 
As the lips slide over the segments to the left, 
the retainer spring (K) pushes the segment 
retainer^ (E) lo the right. The retainer slides 
over the locking segments and holds them ready 
to accept the lips "again when they return. 

17-20. The lock bleed poFl (H) is connected 
to reTurn in order to drain any fluid vyhich 
might collect behind the lock rod piston (J). 
This prevents a fluid lock at this point. Also, 
the hollow stem of the lock and piston shaft can 
be used to attach a cable. This way the actuator 
can be unlocked manually by pulling on the 
cable, whjch might become necessary in an 
emergency or during ground operation.^uch an 
actuator can be used in many hydraulically 
operated subsystems. It is ideal for 
hydraulically operated doors. 



17-21. Oil Coolers ana Supply 
Line Shutoff Valves • Oil coolers - 
are used in hydraulic systems to 
keep the hydraulic fluid within a 
normal temperature range. The tem- 
perature range varies with the type 
of system they are installed in. 
The coolers are normally installed 
in the return lines of the system. 
17-22. Construction of the 
* coolers is similar to the automobile 
radiator. In fact, the coolers 
used on the F-4 aircraft are called 
radiators. Water flowing througlt 
automobile radiators is cooled by 
ram air as the vehicle moves down 
the road. Hydraulic fluid flowing 
through the oil coolers is also* 
cooled by jram air. Another way of 
cooling >thfe fluid flowing through 
the coolers is by installing the 
coolers in the fuel system. The 
heat of the fluid is absorbed fey 
the coolness of the fuel. 

17-23. Supply line shutoff ( 
valves are located in some aircrSaft 
hydraulic system supply lines lead- 
ing to the engine driven piimps. \ 
These valves are electrically operA 
ated and are controlled by- switches' 
located in the cockpit. The valves 
can s]|ut off fluid flow to the en- 
gine, pumps in case of emergencies. 
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THE LANDING speeds of aircraft are con- 
stantly increasing, particularly jet aircraft, 
which touch down on the runway at more than 
I 10 mph. This increase has been brought about 
by the use of very efficient high-speed wings. 
However, these same wings have very poor lift 
characteristics, such as their tendency to stall 
and generally provide poor laters^l control at 
low airspeeds. These conditions place severe 
loads on the landing gear and its components 
during each landing. To successfully complete 
any aircraft mission, the landing gear system 
must be in top notch condition. 

2, Faulty gear retraction or extension, im- 
properly operating shock struts, structural 
failures, of defective tirps can cause serious 
damage to an aircraft. And still worse, these 
failures can cause injury or possible death to 
the crew. Therefore, you can see how important 
it is to understand the operation, maintenance 
procedures, and the inspections of landing 
gears and their components. You will be called 
upon to troubleshoot, locate defects, and repair 
units of the landing gear Accordingly, this 
chapter is devoted to shock struts, shimmy dam- 
pers, and steering damper units. , 

18. Shock Struts 

I8-I. The most common type of shock strut 
is the air-oil strut. It contains hydraulic fluid 
and an air charge. A liquid spring shock strut 
that contains only liquid is in limited use. It 
depends upon compressibility of liquids and 
expansion of metal for its cushioning effect. 
Liquid flow in either type of strut is usually 
controlled by orifices or orifice check valves. 
The effect is that , impacts and rebounds are 
"snubbed." f 

18-2. Air.OII Shock Strut Construction 
and Operation. A basic air-oil shock strut 
assembly is shown in figure 82. The cylinder* is 
divided into two Chambers, a fiuid chamber and 
an air chamber. The piston (C) or inner cylin- 
der (B), which moves within the outer cylinder 
(C), is attached directly'to the wheej axle (M). 
The torque arms (L), sometimes referred to as 



scissors, are attached to both the cylinder and 
the piston. This feature, found on all strtfl 
assejnblies, prevents the piston from rotating 
withm the cylinder. This is important because it 
holds the wheel m alignment. 

18-3. Now study the operation of the strut 
assembly shown in figure 82. Notice the orifice 
place ana orifice (K) within the cylinder. The 
orifice is one of the elements that helps to 
cushion the shocks. Also notice that chamber 
D, below the orifice plate, is filled with fiuid. 
Chamber J, above the plate, is filled with com- 
pressed air (H). The cylinder part of the assem- 
bly IS attached directly to the airframe at the 
strut support (E); therefore, it is stationary vvith 
respect to the aircraft. ^ N 

I8r4. Let's assume that the aircraft has just 
touched the ground durjng a landing operation. 
When the wheel strikes/ the ground, the piston 
and axle assembly moves up into the cylinder. 
Fluid is prevented from leaking past the piston 
because of the rubber (hydraulic) seals (A). 
These seals are installed on the piston head of 
some strut assemblies; on other struts they are 
^ installed within the cylinder walls. The fiuid in 
the lower chamber (D) is forced up into the up- 
per chamber (J) through the orifice (K).' The 
compressed air in the upper chamber resists this 
action, v4^\ch in turn aids in cushiohing gainst 
the ^hock. However, compressed air al^TTTs^ 
not sufficic^nt to^ absorb the complete shock. 
Structural damage woul<| probably occur were 
it not for the orifice (K), which divides the up- 
per and lower chambers. We know that an 
orifice retards fiuid fiow. Resistance to fiuid 
now increases with the speed at which fiuid is 
force.d to move through the aperture. 
Therefore, the harder the impact, the greater is 
the tendency of fiuid to rush through the 
orifice. This action increases the resistance,, 
which combined with compressed air provides 
adequate cushioning effect. 

18-5. The force exerted on the strut upon 
initial impact or Nvhen striking bumps exists for 
only a fraction of a second; but, during that . 
time the piston has been thrust up into the 
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normal position in ihc cylinder. This cycle is 
continuous whenever the aircraft is taxiing. The 
distance the strut piston travels depends upon 
the intensity ot the shock as determined by the 
condition ot the terrain on which the^uircraft is 
taxiing. - L • ' 

18-6. All air-oil shock struts work on the 
principle described in the above paragraphs (a 
combination of restricted fluid flow and com- 
pressed air). However, the method of restricting 
the fluid flow may vary. 




I iiiurc lliisic liinJing gear shock strut. 

cylinder. When the force decreases, the com- 
pressed air forces the fluid back through the 
orifice. This causes the piston to return to its 
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!8-7. One of the most common methods of 
restriction is by a metering pin and orifice 
plate. This is shown in figure 83. Just as the 
basic strut shown in figure 82, there is an 
orifice (C). The metering pin (D) moves with 
the lower part of the strut or piston (G). The 
pin is tapered at top and bottom. When the 
slender part of the pin is in the orifice, the 
restriction is the least. When the aircraft is 
parked under normal loads, the pin will be in 
this position. As the piston moves up or down, 
the thicker portion of the pin will reduce the 
size of the orifice. The movement increases the 
resistance to fluid flow gradually. This feature 
prqyents hard bottoming of the piston. It slows 
down the movement smoothly but firmly as it 
nears the end of travel in either direction. 
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18-8. An orifice check valve is sometimes 
used in strut assemblies instead of the metering 
pin and orifice. It is generally referred to as the 
recoil valve. The inward or compression stroke 
of the piston is. not affected by this valve. The 
valve is positioned so that fluid will fiow freely 
into the upper chamber upon impact. But on 
the extension stroke the valve closes so that the 
fiuid must pass through the orifice. The recoil 
valve decreases the oscillations of the strut 
piston. It also reduces the tendency of the air- 
craft to rebound. 

1 8-9. General Servicing In.slruclions for 
Air-Oii Shock Sirul.s. You have become more 
familiar with the general construction and 
operation of shock struts. So next we discuss 
some of the maintenance required to keep them 
in top working order. Leaks may occur in the 
air-oil shock struts. Therefore, you must 
periodically check the fiuid level and replenish 
the supply. The filler plug is shown as item F in 
figures 82 and 83. If fiuid has to be added, 
release all the 'air pressure in the strut. Ini- ^ 
proper deflation of shock struts is highly 
dangerous; use definite precautions and 
procedures. 

18-10. Remove all stands, jacks, and ob- 
structions from under the aircraft. They could 
cause damage when the aircraft is lowered. 
Make sure all personnel are clear of the air- 
craft. This is to prevent the possibility of injury 
in case of a sudden collapse of the strut. You 
must know the type of air filler valve used when 
serviaSftg shock struts. Two types of valves are 
being used on aircraft struts. Each type requires 
a slightly different procedure when servicing 
the strut. The applicable technical order 
should be consulted before any attempt is made 
to deflate the strut. 

18-11. Figure 84 shows the type of valve 
(AN6287— I ) used on many of our aircraft. To 
dcpressurize a strut using this valve, first 
remove the valve cap (A). Next, turn tHe 5/8- 
inch swivel nut (B) to the left up to one com- 
plete turn, but no further. This lowers the valve 
core housing (D) to break the positive metal to 
metal seal (E). There are nonmetal type seals at 
F and G. Excessive loosening of the smvcUtut 
will result in dropping the valve core Tiousing 
(D) into the strut. Now, release the air by 
depressing the stem of the valve core (H). After 
all pressure is bled oft, remove the entire valve 
stem assembly (C) from the strut. This pri^^vides 
a hole for checking the fluid level in the strut 
and for adding hydraulic^ fluid when needed. 

18-12. As mentioned before, another type of 
valve assembly is also being used. J^he main 
feature of this valve (type MS28889) is tfiat it 
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doesn*t have any valve core. This valve assem- 
biy looks much like the one shown in figure 84. 
You can easily recognize the MS28889 valve tpy 
the size of the swivel nut. This swivel nut is the 
same size (3/4 inch) as the body nut. To 
depressurtze struts equipped with the MS28889 
valve, loosen the swivel nut (upper/ about 
three-fourths of a turn. This allom the air to 
discharge. After all air is bled off, the valve 
assembly may be removed for servicing 
procedures. 

18-13. Regardless of the lype of valve used, 
never loosen the valve body (lower nut) when 
the strut is pressurized. This can allow the 
whole valve assembly to be blown off, which 
could easily result in serious injury to per- 
sonnel and equipment. Anpth^r safety 
precaution is to never remove the valve core 
when the strut is pressurized. The valve core 
could be blown out with the velocity of a bullet. 

18-14. In servicing (adding fluid and air) 
shock struts, two different procedures are now 
used. One procedure is used for hard struts and 
another for soft struts. Hard-strut servicing is 
the procedure that you will find most com- 
monly used. Of course, you should consult the 
applicable TO for specific servicing in- 
structions. 

18-15. Hard-strut servicing. Assume that we 
have completely depressurized the shock strut. 
The strut is now fully collapsed, and an in- 
spection shows that the strut is low^ on 
hydraulic fluid. Remove the valve assembly and 
nil the strut to the level of the valve hole with 
hydraulic (luid. Reinstall and securely tighten 
the servicing valve. Lock the valve with the 
specified size and type of safety wire. 

18-16. To charge the strut with air, first 
make sure that the swivel nut (item B, fig. 84, 
or the upper 3/4-inch nut of the MS valve) is, 
oosened about one turn. Inflate the shock strut 
so that it extends to the specified distance. Then 
tighten the swivel nut to the torque specified in 
Ithe technical order. Under certain conditions 
the hard-strut-type servicing has one disad- 
vantage: with a heavy load and especially on 
very hard landings, the strut piston can bottom. 
That means, it compresses the air enough so 
that it hits the piston's positive metal stop. This 
can structurally damage the gear. To offset this 
possibility, soft-strut-type servicing is* used on 
some aircraft. Also, later struts are modified to 
reduce possibility of bottoming. ^ 

18-17. Soft-strut servicing. When using this 
method also fill the strut with fluid to the level 
of the filler hoLis. However, only 450 psi of air 
is pumped intol the strut. Such a pressure will 
give little or no{sti:jut extension. Then hydraulic 
fluid is pumped into the strut under pressure to 
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provide the desired strut extension. This extra 
hydraulic fluid prevents the piston from ever 
reaching its upper travel limit (piositive metal 
stop) during hard landing. Soft-strut servicing 
is not used very much. Your aircraft TO will 
tell you under what circumstance to use it. 

18-18. Whether you are using hard struts or 
soft struts, the aircraft wings should be rocked 
while you pump up the strut. This helps 
eliminate any binding that might take place bet- 
ween the piston and the strut cylinder. It per- 
mits proper extension and prevents overin- 
flation. The aircraft TO will tell you on what 
rare occasions soft strut servicing is 
required — usually Arctic conditions. 

18;19. Nose gear shoch strut de- 
pressurization valve. The air pressure in 
some nose gear shock struts is reduced after the 
aircraft is airborne. This is done by. a 
mechanically operated depressurization valve 
while the nose gear is being extended. This 
reduction in air pressure results in a more nose- 
down attitude upon landing. It offsets a tail- 
heavy condition that results from a change in 
the center of gravity ' because of fuel con- 
sumption. This type of installation requires that 
the shock strut be serviced with air after each 
landing. 

18-20. General Maintenance Instructions^ 
for Air.OiI Shock Struts. You now know 
something of the construction, operation, and 
servicing of air-oil shock struts. So here we 
discuss some general maintenance instructions 
common to all air-oil shock struts. Available 
facilities determine the extent of work that base 
shops perform on shock struts. Some shops 
have the facilities to only replace seals. Others 
have the facilities to perform a complete 
overhaul. If your shop has overhaul facilities, 
the following discussion should help you. Even 
if you do not have these facilities, the 
knowledge will advance you in your career 
field. Keep in mind that the following is general 
information. You need to go to applicable TOs 
for more specific directives. 

18-21. Maintenance of installed shock 
struts. The most important job on installed 
shock struts is keeping the exposed portion of 
the pistons clean. Strut pistons are 
chromeplated, bur they should nevertheless be 
wiped clean after each flight. Dirt or grit on the 
piston can scratch the piston or cut the seals. 
Scratches and cuts, in turn, can cause leakage 
past the seals. 

18-22. Maintenance precautions to he oh- 
served while disa.ssemhHng shock struts. Ob- 
serve the following general precautions when 
you disassemble shock struts. Of course, for 
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speciflc directives you must follow the in- 
structions in the a|()plicable TO. 

a. Before disassembly, double-check to in- 
sure that all air pressure^as been released from 
the strut. After you are sure that all the ait is 
removed, drain all fluid by hanging the strut 
upside down. If practical, move the piston 
through its stroke a few times to insure that all 
fluid is removed. 

b. Use brass, bronze, copper, plastic, or 
leather-faced tools, to eliminate the possibility 
of damage lo polished surfaces when working 
on the strut. 

i\ All holding jigs, Fixtures, and vises should 
be covered with felt, copper, or a suitable 
equivalent. 

d. Mated parts should be marked for iden- 
tification with a removable parts tag at time 
removal. 

18-23. General cleaning instructions. Clean 
aluminum parts of struts by immersing them in 
a solution of trichlorobenzine from 10 to 20 
minutes. It is important to remember that this 
solution is toxic. Therefore, maintain a 4- to S- 
inch water seal at all times on top of the 
solution. You can easily measure water depth 
by inserting a transparent tube slowly into the 
^olution and then holding the upper end closed 
while withdrawing the tube. The solution must 
also be vented to the atmosphere. 

18-24. Immerse steel parts in a solution of 
cleclroplaler's cleaning compound from 1 to 5 
minutes. Do not allow aluminum parts^to con- 
tact this solution. Parts that contain both 
aluminum and steel must be soaked in "For- 
mula T" solution from 5 to 15 minutes. 

18-25. After cleaning, rinse, dip, or spray all 
parts (aluminum and steel) with cold water. 
This is followed by a hot water dip from 2 to 4 
minutes. The parts are then ready for in- 
spection. 

18-26. General inspection and repair in- 
structions for disassembled shock struts. 
Examine chromed surfaces of the cylinder .for 
scratches, scores, blisters, and nicks. Such 
defects can cause excessive wear of the seals, 
thus producing the eventual failure of the strut. 
All suspected defects should First be tested to 
determine if the base metal has been exposed. 
For this, you liberally apply a copper sulphate 
solution to the suspected area. (This solution 
consists of 100 grams of cupric sulphate, 5 
milliliters of sulphuric acid, and 1 liter of 
water.) Then wipe off excess fluid and inspect 
the part under a strong light and magnifying 
lens. A copper coating will show on the iron 
metal where the chrome plating has been 
removed. The strut must be replaced if this C(^n- 
, dition exists. If the chrome is not penetrated. 



hone or polish defects. This is to remove all 
sharp edges that could damage the seals. The 
strti^ will be replaced if defects in plated areas 
exceed the following: 

• Scratches, scores, and pits that have 
penetrated the' chrome plating. 

• In working area of seals, two scratches, 
up to 4 inches long and 0.002 inch deep, 
in any one inch. 

• Pits of 0.002 inch in depth regardless of 
diameter. 

• Two pits, less than 0.002 inch in depth, 
in any given square inch. 

• Cracks, regardless of size or location. 
(Inspect all ferrous (iron) •parts for 
cracks and flaws by the magnetic particle 
method. Inspect all nonferrous parts for 
cracks and flaws by the fluorescent or 
dye penetrant method. Your non- 
destructive testing laboratory will per- 
form these checks.) 

18-27. Measure all bushing and friction sur« 
faces to insure that they are not worn beyond 
tolerance. Inspect all bronze and brass trun- 
nion bearing surfaces for nicks and burrs and 
dress all defects carefully. Use a fine-tooth file. 
Caution: Never use emery cloth or sandpaper, 
since particles of grit will penetrate and remain 
in the bearing surface. 

18-28. When reassembling the strut, replace 
all O-ring packings, gaskets, and backup rings. 
Use Teflon backup rings when available. 
Lubricate all packings, gaskets, aiMl grooves 
with grease, MIL — G — 4343. When V—rings are 
used, install them one at a time to make sure 
that the feathered edges are not damaged. 

18-29. Corrosion treatment of shock struts. 
The exposed portion of the shock strut is cad- 
mium plated and/or painted to prevent 
corrosion. If these coatings are removed or 
damaged, repair them by applying two coats of 
zinc chromate primer. Follow this with two 
coats of aluminum iacquer (12 ounces 
aluminum paste and ^gallon clear cellulose 
lacquer). Apply th*ffo large areas by spraying 
and to small areas with a brush. Replace name 
and data plates which are destroyed or 
unreadable. Use standard plates if new 
manufacturer's plates are not available. 

18-30. Leakage test of overhauled shock 
struts. Bench test all overhauled struts before 
returning them to stock or putting them on air- 
craft. Since there are many type% of struts, there 
may be many different ways to test them. 
Therefore, check your TO for specific testing 
procedures. But, the following is general in- 
formation which can be applied to all air-oil 
struts. 



163 



V 



18-31. The leakage test is performed in two 
steps: The flrst step is the HIGH pressure test, 
and the second is the LOW pressure test. The 
chart in table I is the typical of the proper 
values. Check the TO for specific values. 
Pressurize the strut with test equipment, using 
MIL— H— 6083A or MIL— H— 5606 fluid, or 
a 50^50 mixture of each. The strut can be in 
either a vertical/ or horizontal position while 
under test. Conduct a thorough inspection at 

TABLE I 
Test Pressure Values 



each pressure (HIGH and LOW) and give par- 
ticular attention to packings and gaskets. Any 
leaks are cause for rejection. Use of air pressure 
(only) to pressurize the strut is prohibited, 
unless specifically authorized by TO. This- 
prevents the possibility of introducing moisture 
into the air and oil chambers. Such moisture 
might bring on corrosion later. After the tests 
have been completed, the strut should be filled 
with MIL-H-6083A preservative fluid. 

18-32. Preparation and packaging of 
repairable struts. We said before that available 
facilities determine where shock struts are 
overhauled. If the strut is to be sent to depot for 
overhaul, it must be properly prepared for 
storage. Even though the strut is to be 
^erhauled at base shop, it may still have to be 
prepared for storage. This depend^ on how 
soon after removal the strut is to be overhauled. 

18-33. The first step to prepare a strut for 
storage is to clean all external ferrous metal 
surfaces. Use P---S— 661 cleaning solvent and 
dried compressed air or wipe dry with clean dry 
rags. Immediately coat all unpainted external 
surfaces with corrosion-preventive compound. 
MIL-C-I7I73A, Grade A. Parts such as 
axles, joints, brake flanges, and torque arms all 
have surfaces requiring this treatment. Grease 
all fittings to prevent corrosion under collars, 
bushings, etc. Chrome-plated parts should also 
be treated to prevent entry of moisture through 
plated surfaces. Parts can be further protected 
by being wrapped with greaseproof barrier 
material. JAN- P- 127, Grade A. 

18-34. In addition to corrosion treatment, 
the proper use of containers is also important. 
The container for each strut protects it from 
damage. Also, it protects against exposure to 
adverse weather conditions. Proper handling of 



these containers cannot be emphasized to 
strongly. You should exercise caution when 
opening or closing containers by using proper 
tools to prevent damage. Always insure that the 
strut fits snugly into the cradles and mounting 
blocks. 

18-35. Liquid Spring Shock Struts. The 
liquid spring shock strut has no air in it to be 
compressed. This strut depends primarily upon 
the compressibility o\ its fluid for its 
cushioning action. From the compressibility of 
the liquid we get the name "liguid spring." 

18-36. This shock strut has limited use. At 
present, it is found on only one model of the 
Century series of fighter aircraft. Although 
there is no need for you to have much 
knowledge of such a type of device, we do feel 
that you should know that such a strut exists. 
Yo^hould also know a little of how it works 
in x:ase some aircraft designer uses it again. 




^- Liquid sprina uiiir 
B. Gear trame 



C. Fulcrum 

D. Wheel spindle 



Figure S5 Liquid spring strui ' 

I 8-37. The idea of compressing a liquid may 
surprise you. We have always said that for alt 
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practical purposes liquids are incompressible. 
And, It is still true — in the ranges in which 
hydraulic systems, jacks, and presses operate. It 
is when you get up into the 20-, 30-, and 40- 
thousand psi ranges that strange things happen. 
Different liquids do different things. Even our 
scientists don*t know what all may take place at 
these pressures. One physics book stales that 
water has no minimum volume at [yressures 
over 35,000 psi. The pressure in thfc liquid 
spring strut of an average size fighter standing 
still is about 20,000 psi. On landing or taxiing 
it may go as high as 45,000 psi. 

18-38. Figure 85. shows a typical liquid 
spring installed on an aircraft landing gear. The 
frame is item B in the figure. Notice the 
distJtnce between the wheel spindle (D) and the 
fulcrum (C). Compare it to the distance bet- 
ween the liquid spring unit's (A) lower at- 
tachment point and i\ t fulcrum (C), Comparing 
the two distances as arms of a lever gives the* 
mechanical advantage (MA). The aircraft 
weighs several tons. This wefght on the wheels 
exerts a tremendous force on the piston of the- 
liquid spring unit. It is enougli to compress the 
fluid slightly. 

18-39. The type of liquid used affects the 
operation of the liquid spring strut. Different 
liquids have different compressibility factors. 
The type of liquid used in the liquid spring strut 
is specified in the applicable TO. This strut 
requires a silicone-based hydraulic fluid. It is 
an exotic and expensive liquid. 

18-40, Figure 86 shows a cutaway schematic 
of the liquid spring actuating unit. Let's see 
how the unit operates internally. Just before 
landing, the piston rod is in a fully extended 
position. When the wheels touch the runway, 
the shock is transmitted to the piston rod (D). 
The piston and rod assembly is forced upward. 
This moj^enient displaces liquid from the upper 
chamber (A) to the lower chamber (F). The 
liquid is forced through the orifice check viilvc 
(C) and the orifice (G). The lower chamber (F) 
can accommodate only a part of the liquid 
being displaced. The rod occupies some space 
in the lower chamber. So pressure in both 
chambers increases greatly, and the liquid is 
compressed as the piston travels upward. 
Because of the MA involved, long travel of the 
spindle (D) (fig. 85) creates a short but power- 
ful stroke of thq^iston. When the pisron rod 
starts to extend on the rebound stroke, liquid 
from the lower ghamber (F) flows to the upper 
chamber (A). It must go through the fixed ^ 
orifice (G). The orifice check v^lve (C) is 
closed at this time. Because the liquid Hows 
through the fixed orifice only, the rebounding 



is ''snubbed." Thus, the bouncing that often oc- 
curs after landing is Held to a minimum 




A. llppcr chninhcr D Piston rod 

B. Killer plutt H High-prcssuro glniul 
C*. Orihcc check valve F. Lower chaniher 

G. Oritiee 

I igure Xf» ( iHaway scheinalic. liquid spring strut. 

I 8-4 I . Another major factor should be men- 
tioned — the expansion of the cylinder housing 
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when i\it internal pressure is increased. Any 
time the piston is forced upward into the cylin- 
der, the pressure increases. This causes the 
walls of the cylinder to stretch slightly and ex- 
pand in. an outward direction. This, in turn, 
slightly increases the cylinder volume 
Therefore, the piston can move up farther than 
it would otherwise when the impact of landing 
is placed on the piston rod. 

18- 42. Field maintenance of the liquid 
spring strut is much simpler than with the air 
oil struts. This is primarily because of the sim- 
ple construction of the unit. It is also simpler 
because of the specially designed high-pressure 
gland (E). This high-presSure gland is designed 
so that it can withstand pressures up to 60,000 
psi. Such a gland permits practically no oil 
leakage. When additional liquid is needed, it is 
applied through the filler plug (B). The proper 
extension is determined by the initial h^raulic 
pressure pumped into the strut. When tiling, 
the weight of the aircraft must be off the\ear, 
and the strut must be fully extended, Arou^dy 
800 psi initial pressure is generally needetf 
when filling the strut. This requires a high- 
pressure oil gun. Also, extreme caution should 
be used because of the unusually high pressures 
in the cylinder; follow the TO instructions 
when you service this equipment. 

19. .Shimmy Dumpers 

19- 1. Practically all modern aircraft have 
nose gear. It is easier to steer and taxi aircraft 
with nose g^r than one with a tail wheel. Have 
you ever driven an automobile that had a severe 
shimmy in the front wheels? Aircraft nose gear 
assemblies have an even greater tendency to 
shimmy. This shimmy adds to the possibility of 
structural damage to the gear or even complete 
failure. Obviously, such a condition is 
dangerous and should be prevented. 

1 9-2.\Mignment and balance of the wheels is 
important in doing away with shimm>^ But. 
shimmy dampers or snubbers are also 
necessary, They arc used with nose and tail 
wheels to prevent oscillation or shimmy during 
landing, takeoff, and taxiing. At the same time, 
they permit the wheel assembly to turn or 
'tract'* as the aircraft turns when taxiing. Some 
aircraft use steering damper units that give both 
a damping action and hydraulically powered 
steering control. It is easy to design a shimmy 
damper into a steering damper unit. The design 
and principle of operation is much the same lor 
both. 

19-3. Nose wheel dampers arc either the 
vane type or piston type. Both work on the idea 
that the resistance of an orifice to fluid flow in- 
creases with an increase in speed of the fluid. 



Application of this principle permits slow tur- 
ning movement of the nose wheel when 
steering. But, it also offers high resistance to 
sudden movements or oscillations due to shim- 
mying. 
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A. Chamber £. Wingshatl 

B. Chiinibcr ^ . p. Movable vane 

C. Flange keys > G. Hydraulic seals 
D Stationary vane h Orifice 

Figure 87. Shimmy damper vane arrangement. 

19-4. Vano-Type Shimmy Dain|H?rs. An in- 
ternal view of this type of damper islshown in 
figure 87. This unit consists ^asicaLbUOf a 
working chamber, two stationary vanes (D), 
and two movable vanes (F). The movable vanes 
and the stationary vanes divide the interior into 
four chambers (A, A, B, and B). The two 
movable vanes are connected to the wingshaft 
(E), which extends to the outside of the assem- 
bly. The wingshaft is attached through splines 
to a mechanical linkage which, in turn, con- 
nects to the nose wheel. When the nose wheel 
turns, the wingshaft swings the movable vanes. 

19-5. Notice that both chambers A are in- 
terconnected and. likewise, both chambers B 
are interconnected by channels. These two 
channels are connected to each other through a 
small orifice (H). Now, how does this thing 
work? Assume that the movable vanes (F) are 
being turned clockwise. Both chambers B will 
decrease in capacity and chambers A will in- 
crease. This forces Huid from chambers B into 
chambers A through the orifice (H). The 
orifice restricts this How. thereby damping or 
slowing the movement of the wheel and preven- 
ting shimmy. When the wheel tries to turn 
counterclockwise, the action is the same; except 
now the capacity of both chambers (A) 
decreases and chambers B increase. Again lluid 
is forced through the orifice but in the opposite* 
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A. Ontlcc viil\c adiustmcni 

B. VVingshat'i 

C. Flange* kcv 

D. Rcscr\*)ir 

E. Killer frtiing 

F. Replenishing ptsj»>n 

G. Inner pisiDn spring 

H. Outer pistiui spring 

l-iguri- HH ( uiaway view 

direction. Again, resistance develops. Flange 
keys (C) prevent the stationary vanes from 
rotating within the housing. Hydraulic seals (G) 
prevent leakage between the chambers. 

I9«6. Figure 88 shows a (Cutaway view of the 
vane-type shimmy damper. The wingshaft (B) 
shows splines by which the linkage is attached 
to the wheel fork. The flange key "(C) holds the 
stationary vanes (O) rigid to the outer case. It is 
through the tiller fitting (E) that fluid is forced 
into the reservoir (D). A pressure gun is 
required to fiii the reservoir because the 
replenishing piston (F) holds the reservoir un- 
der pressure. Inner and outer piston springs (G 
and H) apply force to the replenishing piston. 
An indicator rod (K) is attached to piston F 
and extends out through the reservoir cover (J). 
It shows how full the reservoir is. The replen- 
ishing valve (L) permits fluid to be forced from 



J. Reservoir enver y 

^ "K Indieaior roil 

L. Replenishing \al\e 

M. Rotating vane 

N. Mounting lugs 

. (). Stationary vane> 

P Wingshalt packing. relauK-r. .ukI sprnig 

ot v;iiu.- i\pe «:hiitin]\ danipei 

the reservoir into the main chamber if it leaks. 
A hydraulic seal is shown between the movable 
vane (M) and the case. A similar seal is found 
between the stationary vanes and the wingshaft. 
Mounting lugs (N) attach the damper to the 
stationary strut cylinder. The packing, retainer, 
and spring (P) preyent leakage of fluid past the 
wingshaft. The spring applies pressure on the 
packing. The size of the orifice between the 
chambers is adjusted by rotating the adjusting 
screw (A) in the end of the wingshaft. If the 
orifice opening is loo large, the damping effect 
IS reduced.^If too small, it interfers with the 
normal tracking of the wheel. The adjusting 
screw is protected by a capnut which is 
removed for adjusting. 

19-7. The methods of mounting vane-type 
dampers vary with the design of the nose gear. 
When the nose wheel has a limited degree of 
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travel when lurning, the damper may be moun- 
ted as in flgure 89. The damfier (J) is attached 
to-a mounting bracket (E), which is .stationary 
with respect to the strut (D). When the wheci 
(A) is turned in either direction, the fork (L), 
torque sciissors (B), slipring (C & F), lever and 
connecting links (H^and G), and the wingshatt 
(K) ail rotate or turn. When the wingsbaft 
rotates, the shimmy damper operates as 
described earli^f in this section. 





G. Connecting links 

H. Lever 

J. Shimmy damper 

K. Wingshatt 

L. Wheel tork 



A. Wheel 
^- Torque scissors 

Slipring 
D Strut 

^- Mounting bracket 
^- Slipring 

Figure K9. OutboiirJ mounting of shimmy damper 
(limited swivel). 

19-8. Outboard mounting of a vane-type 
shimmy damper for a full swivel wheel is shown 
in figure 90. The wheel spindle housing (G) is 




A. Horizontal arm 

B. Shock stru^ 

C. Lever w 

D. Shimmy damper 



E. Actuating arm 

F. Connecting link 

G. Spindle housing 



Figure 90. Outboard iiiouniing oi shimmy damper 
(full swivel). 

either fore or aft of the shock strut (^). On this 
installation the entire dampejr housing (D) 
rotates. The wingshaft of the damper is held 
stationary because it is attached to horizontal 
arm (A). This arm is also stationary with respret 
to the wheel assembly, which swivels. As the 
wheel turns, the wheel spindle inside the wheel 
spindle housing (G) also turns. This causes the 
actuating arm (E), connecting link (F). and 
lever (C) and the damper housing to rotate 
around the stationary wingshaft. This vane-type 
shimmy damper operates on the same principle 
as the dampers we discussed before. 
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19*9. Internal integral mounting of a Shimmy 
damper is shown in figure 91. The piston tube 
(E) replaces the outer housing of the shimmy 
damper. Since the piston tube of the strut in this 
assembly acts as the damper, housing, it rotates • 
while the wingshaft remains stationary.^ This is 
possible because the wingshafl|i|^attached to the 
strut cylinder (D) by the damper lever (A), 
torque scissors (B), and the pivot lug (C). Tur- 
nings movement of the strut piston tube, to 
which the wheel fork (F) is attached, rota>es the 
case of ^e damper. Thus the ''stationary ' vanes 
swing with the rotation cf the piston tube. The 
^'movable" vanes do not swing because they are 
Tixed to the non-rotating shock strut. 

19-10. Piston-Type Shimmy Dampers. 

Generally piston-type shimmy dampers are 
divided into two groups. There is a single- 
cylinder balanced type used as a single unit 
with the nose gear. The other consists of two^\^ 
piston-type shimmy dampers, each opposing the 
other. 

19-11. The balanced type (see fig. 92) works 
on the principle of equal forces acting on either 
side of a piston. Both sides of the piston have 
equal areas because the piston rod runs through 
the piston. The unit is Jiot part of the main 
hydraulic system, instead, it has it own reser- 
voir (B). The damper is stationary with respect 
to the upper cylinder of the nose strut assembly; 
but the left end of the piston and rod assembly 
(D) is connected to the rotating part. It is con- 
nected, [through linkage, to the section of the 
landing! gear strut that turns with the wheel. 
When tne wheel turns in either direction, the 
piston anlJ rod assembly (D) also moves. Notice 
in figure 9^ that passageways connect the reser- 
voir (B) to\hc chambers on both sides of the 
piston. Each passageway has an orifice check 
valve (A and C). They are placed so that free 
flow of fluid is always toward the cylinder 
chambers; restricted flow of fluid is from the 
cylinder chambers to the reservoir. Therefore, 
when the piston moves to the lefl^sjluid flows 
freely from the reservoir to the n^nt^hand 
chainher. At the same lime, fluid in the left 
chamber must return to the reservoir through 
the oritice at C. When the piston moves to the 
right, an opposite free and restricted flow lakes 
effect. Rapid movement of the piston caused by 
wheel shimmy is retarded becauseHlie fluid 
must flow through one of the orifices. You 
might be wondering why we install oritice 
check valves instead of Just an oritice at A and 
C. It is to provide free flow into the cylinder, 
bui restricted flow out. This arrangement 
prevents a partial vacuum Irom forming when 
the piston is m()ved rapidly to the right or left. 



If the partial vacuum is allowed to form, a 
spongy shimmy action will result. 




A. , DiJiiipcr lever ^ 
\\. Torque seisM»rs 
C. PiviU luu 



D. Shock strut 
Pisttm lube 
v. Wheel fork 



Figure Internal nUcur;H iut>uniing i>t shinnny damper. 

19-12. This unit is serviced with hyd rauli c 
fluid through a reservoir filler cap. " 

19-13. Another type of piston shimmy dam- 
per requires the use of two separate opposing 
units. They are mounted on a single support 
which pivots around the lower end of the shock 
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A. Oriftce check vaive 

B. Reservoir 

C. Orifice check valve 

D. Piston and rod assembly 




Figure 92. Balanced piston -(>pc shiiuiuy damper. 



A. • Strut piston , 

B. ' Support member 

C. Spring loaded reservoir 

D. Cap and spring assembly 

E. Cylinder and piston assembly 

F. Stationary portion of strut assembly 

G. Slipring 

H. Torque arms 

Figure 93. Mounting of dual piston-type shimmy 



Strut cylinder (see fig. 93). The support member 
(B) rotates with the wheel fork and strut piston 
(A) because the two are joined by the torque 
arms (H). The pistons of both dampers are at- 
tached to the stationary ^trut assembly (F) by 
means of a slipring (G). Therefore, when the 
wheel turns in either direction the pistons of 
both damper cylinders are either extenciing or 
retracting. 

19*14. Each damper unit consists primarily 
of a cylinder and piston assembly (E), an orifice 
check valve, and a spring-loaded reservoir 
assembly (C). The orifice check Valves are in- 
stalled between each damper assembly and 
reservoir. They perform the same function that 
the orifice check valve performs in the balan- 
ced-type damper. Fluid fiow is restricted when 
it is being forced out of the cylinder; it is 
unrestricted when it is being "'pulled'' into the 
cylinder assembly. 

19-15. Servicing the damper is done by 
removing the cap and spring assembly (D) and 
filling the reservoir with hydraulic fluid. Before 
you remove the cap and spring assembly, con- 
sult the applicable TO. 

19-16. Co-Rofafing Wheels. Another device i 
which helps to prevent nose wheel shimmy is 
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Ihc use of dunl co-rolnling wheels. I licsc 
wheels are splined io a conimtin nxlc in the 
siimc fashion as Irain wheels. During taxiing, il 
Ihe nose wheels tend to shimmy, one ol the 
wheels altenipis to rotate more than the other. 
II is possible that one wheel ean physieally 
move ahead of the other wheel; however, if this 
docs happen, one or both wheels mu.sl slip or 
skid. Thus, you can sec the eo-rotating wheels 
olTer considerable resistance to nose wheel 
shimmy. 

19-17. The question has probably arisen in 
your mind, "If eo-rotating wheels tend to 
prevent one wheel fnim moving ahcjid of the 
other, wheel, then how can steering oee^ir 
without sliding one of the whecLs.'" Sliding of 
one or both of the wheels is exactly what hap- 
pens. The TOs for aircraft using co-rotating 
wheels will probably state thnt above normal 
wear occurs on the tires. Of course, the decision 
to use eo-rotating wheels is made by the design 
engineers. Some engineers believe that doing 
away with shimmy dampers more than com- 
pensates for the tire wear. 

19-18. Regardless of the type of shijnmy 
damper used, some type of steering device must 
also be used. The age of gunning an engine for 
turning is fast -passing by.. Aircraft with co- 
rotating nose wheels will use only a steering 
unit. Those using single nose wheels will 
probably use a combination shimmy damper 
and steering unit. 

20. Steering Damper Unit.s 

20-1^ Nose wheel steering provides ease of 
handlmg and greater directional control during 
taxiing, takeoff, and landing. There are three 
basic types of nose wheel steering damper units 
presently in use. They are the dual-piston, the 
single-piston, and the vanc-types. 

20-2. Dual-Pi.stbn-Type Steering Damper. 

Figure 94 shows a dual-piston-type steering 
damper. With this type system, the nose wheel 
is steered by a control wheel located in the 
pilot's compartment. This system, lil:e most 
nose steering systems, has an oleo-actuated 
shuioff valve (B) installed in the pressure line. 
Its. purpose is to prevent any steering action 
after the aircraft is airborne. A self-centering 
device for the wheels is also installed to insure 
that the gear is streamlined for retraction. 

20-3. This particular system is simple in con- 
struction, yet very satisfactory in opei^ation. 
When the pilot turns the steering wheel (C), 
control cable linkage moves a bevel gear in 
a differential unit. (The differential unit will be 
discussed in the next volume under systems.) 



Ihe movement of the iievel gear is transnnueu 
through linkages to the metering valve (A). It 
opens this valve and directs hydraulic fluid uji- 
der pressure to the steering actuators (f ). These 
turn the nose wlicels {l.) in the desired direc- 
tion. As the wheels turn, the m«)tion is tran- 
smitted through cables bnCk to the followup 
gear in the differential unit. This action returns 
the metering valve (A) to the neutral position. 
This cuts off the flow of Huid to the steering ac- 
tuator, leaving the wheels turned in the desired 
direction. To return the wheels back to neutral 
the steering wheel must be turned in the direc- 
tion opposite to thrfirst turn. For simplicity we 
have shown the metering valve as a rotary valve; 
however, it will probably be a slide or spool 
type. This type has lands and gn)i)^^cM^>r con- 
trolling the direction of fluid flow. 

20-4. Orifice check valves (G) are instiled 
in each line connected to the turning actuators. 
These valves allow free flow of fluid to the ac- 
tuator and restricted flow from the actuator. 
This action gives a smooth, even turning of the 
wheels when they are steered. Wfien the wheels 
are not being steered, the valves pr^)vide 
shimmy damper action. . ^ 

20-5. A compensator valve (J) is located in 
the system return line. It maintains a small 
pressure in the steering actuators when the 
metering valve is in neutral. Such a pressure 
prevents partial vacuum in a steering actuating 
cylinde'r if the nose wheel is suddenly turned by 
outside forces. The compensator valve consists 
of a small spring-loaded piston with a built-in 
relief valve set at about 75 psi. Besides keeping 
piessure within the steering actuators, the com- 
pensator valve prevents excessive pressure due 
to thermal expansion. 

20-6. The solenoid-operated shutoff valve 
(H), when open, provides a path for free flow of 
fluid between the two steering, actuators. 
During aircraft towing operations we want the 
nose wheels to swivel freely. At such times, or if 
some part of the steering system fails, this valve 
is opened. On this particular installation, the 
valve is controlled' by a bypass control switch 
(D), located on the steering column. On other 
installations, this valve may be opened and 
closed manually. 

20 7. Some installations use only a single 
piston for steering the aircraft. ^ A complete 
steering system using a single piston will be 
discussed in Volume 3. 

20-8. Single-Pi.ston-Type Steering Unit. 

Figure 95 shows a single-piston-type steering 
unit. This unit is typical of most single-piston 
steering units; therefore, we lhall discuss its 
operation in detail. 
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A. Metering valve ^ 

B. Oleo-actuated shuiofl valve 

C. Steering wheel 

D. Bypass control switch 

E. Nose wheels 



F. Steering actuators 

G. Orifiee check vjilves 

H. Solenoid -operated shuiotT valve 
J. Compensator valve 



Figure 94. Dual piston-type steering damper system. 



20-9. Steering cantrcrl^ of this type 
steering-damper unit is obtained by using a 
spool-type control valve (C). The spool is 
positioned by a mechanical control lever and 
followup linkage (A and B). When the control 
lever (A) is moved, the control valve (C) is 
positioned to block off and open alternating 



ports. Notice that three Rfttts are located on the 
top of the control valve (C) cylinder. The two 
ports at the bottom of the^cylinder connect to 
either side of the plower piston (L). Fluid from 
these two passageways must first pass through 
d'^mprng or orifice check Valves (H). Again, 
they provide free flow toward the power piston 
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J-ieure Sinyle pisit.n.|\pc sUeriiii: ,il.„nper unii 

c>linder and restricted How nul. The tWD Duier 
pons ai ihc uip o( ihe ci)niri)| valve cylinder 

.are cunnecicd id ihc return outlet (F): the cen- 
ter port is CDnnectcd io the pressure inlet (E) A 

•centering spring (G) IidUIs the control valve in^' 
the neutral positii)n' whenever the steering is 
niM being used/In Mk- neutral po>iiuMi the cn- 
. tire assembly operates as ii shimmy damper. The 
INM) Drilice check valves priwuic the snubbing 

^actinn. 

20-10 The piston (I.) and piston riui .ire 
fastened to the staiionar> pavt ol the strut at 
lixed atlachmeni point (J). 1 he entire housiivg 
assembi) is laNiened lo the nose wheel assemhl) 
at nose wheel attachment point (M). 

20-i I }*or steering. !he control valve (( ) js 
' mo veil ti» either the r* ,ii oi Telt by the control 
leycr {A) II ilie valve moves to the nglii. ilu 
center pressure port is opened, sending lluul to 
the boiiDjn Icri hanil port. I rom there it goes 
'through the righi orilice check \alve ami on id 
the right -haiul c>liiuler chamber (N) 1 he uppei ^ 
Jvlt-haiul rcliiui j\ort ol ihe control valve, is 
^ bloc^ycd oil. but Ihe uppei nght-hand return 



port is opened. This allows fluid from the left- 
hand cylinder chamber (K) to return through 
ih^orifice to the left-hand orifice check valves 
anC on to the reservoir. As fluid pressure enters 
the right-hand cylinder chamber (N). the entire 
housing moves to the right, thereby turning the 
nose wheel. NOTE: The upper end of the con- 
trol lever (A) does not move to the right. As the 
housing moves to the right, it catches up with 
the initial right-hand movement of the control 
valve. This places the control valve back into 
its neutral position. As long as the control valve 
is kept ahead of the movement of the housing, 
the nose gear will keep turning. That is. until it 
reaches its maximum turn. The return ac- 
cumulator (co.mpensator valve) (D) serves the 
same purpose as the compensator valve in the 
dual -piston-type steering system discussed 
before. 

20-12. V aiiv-T\pe Steering Dumper I nil. 
This unit, shown in figure 96. servjes two func- 
tions. It acts as a steering device and as a 
shimmy damper., When the unit is not being 
used for steering, it acts as an ordinary 
shimmy damper. As a shimmy damper, it works 
like the vane-type shiminy damper described 
in a previous paragraph. For nose wheel 
steering, it uses fluid pressure from the normal 
hydraulic s>stem. There are four control pop- 
pets (E) in the control mechanism. They are 
pressure aftd return poppets A and B for right- 
hand turns and pressure and retu?!\ Cand D for 
left-hand turns. The middle view in figure 96 
sh<{^w^he neutral position. In this position all 
ports tVtim the poppe'ts to the damper 
mechanism are blocked off. During the steering 
ijperation. pressure enters the unit through the 
upper left port. (Under systeftis in the next 
volume you will learn wMat sends this pressure.) 
It is routed to the right-turn pressure poppet 
(A), to the left-turn pressure poppet (C). It is 
also routeil to the steering engagin'g va!ve (J), 
and to the fluid return valve (F). Pressure for- 
ces the steering engaging valve up. This causes 
steering control rocker arm and cam ((I) to rise 
and engage the control shaft iH). A steering 
lever operated by the pilot ^rotates the con- 
trol shajf in either direction. For right turns 
(fig. 9J^. left view), the conlio! shaft and cam 
arrangtfmeiii cause ihe rocker .irm lo force ihe 
right -turn pi»ppei valves (A and B) down. This 
iilhnvs pressure lo pass through pressure poppei 
A lo Ihe righi-iurn chiimbers o\ the damper 
.isscmblv Alsi». fluid tri)m the opp^isite cham- 
bers c.Hi pass thiough reluin pi»ppel Ii b.tck io 
the relurn line I he initial applic.uion ol 
pressure li< tlie unil t»pcneil up ilie return v.ii\e 
(I ) Opening ihis n.iInc .diows unrcstiKtcd flow 
ol leluin riuiil 1 he siecniiii .irm'(K) is .iir.ulic^F 
lo Ihe nose wheel .nul e.uiscs ihc wheel lo lurn 
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A Kighl-turn pressure pnppcl 

H Righi-iurn fciurn pi>ppct 

C*. Lef t -turn prc!»?iurc pf»ppci 

D l.ctViurn return p*»ppct 

I:. Conirot poppets 



F. Return valve 

0. Kocker arm and cant 

H. Control shaft 

J. Steering engaging valve 

K. Steering arm ^ 



l igure Operation ol vane-lype steering damper unit. 



to ihe right. U' the CDiUrol shaft is rotated for 
left turns, ihe left-turn pressure and return pop- 
pels (C and D) are pushed down. This opens up 
the pressure and reli^rn lines lo ihe opposite 
chambers of th^ damper. Now it will turn the 
steering arm and nose wheel lo the left (tig. 96, 
right view). A followup system must be added 
^ to .make it easier. to steer the aircraft. It keeps 



the^'Sose wheel from going all the way to the 
right or left when the steering is actuated. 1 oo, 
it matches the movenfent of steering arm (K) to 
the degree of turn the pilot feedJi into the 
system; |iow this is done will be explained in 
the next volume when you study the complete 
system. Study' the center view; it will help you 
to figure out the shimmy damper/operation. 
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Brake sVstem Components 



IN THIS CHAPTER wc will discuss the uses of 
brake systems. You will learn how these 
systems can be arranged m many different ways; 
specific designing depends upon such factors as 
the landing gear layout and size and type of the , 
c aircraft. Nye will cover the operation of several 
typical systems; and, we will thoroughly cover 
the operation of'the individual units. You will 
also, be given a chance to troubleshoot a few 
typical situations. 

2. Braking systems are needed on a wide 
range of j^ehicles. Automobile, truck, and bus 
brakes are designed to provide eq^al braking 
action at all wheels and straight-line stops. A 
mechanical parking device, able to hold the 
vehicle on hills, is usually built into the system. 

/3. Aircfaft brake systems are somewhat^ dif- 
ferent from each other because the must meet 
different requirements, but they are used to 
stop the aircraft after landing and during 
taxiing. On many aircraft, brakes are used to 
steer the aircraft during ground operation. A 
provision for parking the aircraft is also built 
into ^he brake hydraulic system. Trapped 
hydraulic pressure is used to hold the brake 
assemblies in the appjied position for parking. 

21. Introduction to Brake Sy.stem.s 

21-1. Evfcn though landing gear 
arrangements vary, all aircraft brake systems 
fall into three main types: independent, in- 
tegral, and slave brake systems. 

21-2. The Independent Brake Sy.stem.s. The 
indepejKtent brake system is not connected to 
the aircraft s main hydraulic system in any way.^ 
•Hydraulic braking pressure is developed en- 
tirely by foot force on the brake pedal. This 
' force is transmitted through mechanical linkage 
to a master cylinder, which converts the 
mechanical energy mto, hydraulic pressure foe 
brake application. 

2.1 -3. Integral Brake Systems. Integral 
brake systems obtain braking pressure from the 
main hydraulic system. Some systems* meter 



main system fluid directly to the brake through 
a pedal-operated power brake valve. Other in- 
tegral systems are of the hydraulic boost type. 
They use metered pressure from the main 
hydraulic system to act upon one side of a 
piston. On the other side of the piston is the 
flOid that goes to the brakes. As the brake pedal 
is applied, it meters, main system pressure to its 
own side of the piston. Thus, the brake is ap- 
plied by foot-power plus main system pressure 
applied to the piston. The piston, in turn, ap- 
plies pressure to thp fluid in the brake line. 
The boost system does not send main system 
fluid to the brake assemblies. The normal in- 
tegral brake system does. 

21-4. The Slave Brake Sy.stem.s. The slave 
brake system is a combination of the in- 
dependent ^and integral systems. Used. on some 
very large aircraft, it consists of a slave meter- 
ring valve remotely controlled by a master 
cylinder through a long pressure tube. Brake 
pedal action causes the master cylinder to 
pressurize fluid that is directed to the slave 
metering valve. The slave metering valve then 
meters main system fluid to the brake assembly. 

21-5. Slave brake systems on large aircraft 
are safer and lighter than simple power braking 
systems. True, the master cylinders*«dd weight. 
But, the lines carrying master cylinder pressure 
to the slave metering valve are relatively small. 
Therefore, these lines are much lighter than . 
those carrying pressure from a single metering 
valve system. On very large aircraft, the length 
of tubing required to carry fluid from the cock- 
pit to the brake assemblies is considerable. So. 
the use of small tubing represents a defmire 
weight reduction. Since the slave metering 
valves ar% remotely controlled, they can ie 
close to the brake assembliest Thus, the lines 
carrying systehi high pressure are short and do 
not enter the cockpit. (The absence of large 
high-pressure lines from the pilot's com- 
partment decreases the fire hazard.) 

21-6. Thermal Expansion in Brake 
Sy.stems. Ail hydraulic brake systems must have* 
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means of relieving the expansion of fluid 
caused by heat. This thermal expansion can oc- 
cur in both the ON and OFF positions of the 
brakes. Thus, brake systems must be built to 
allow room for this expansion of the fluid at all 
times. 

21-7. When brakes are in the OFF position, 
thermal expansion must be bled off to the reser- 
voir. If the expanding fluid has no outlet, it will 
pressurize the brake ^system and apply the 
brakes. 

. 21-8. Likewise, thermal expansion can occur 
when the aircraft is parked and the parking 
brakes are on. This excess pressure must be 
relieved lest it break a line or blow a seal. 
Sometimes it is relieved by a thermal relief 
valve set higher than normal braking pressure. 
In other systems, this extreme pressure may be 
limited by a feature built into the master cylin- 
der or metering valve. 

21- 9. In addition ^providing for thermal 
expansion, brake systems must have another 
feature. They must also be able to replace the 
small amount of fluid which may be lost 
through normal system leakage. This is done 
when the brakes are off. The same*i)assage 
which relieves the increase in volume due to 
thermal expai^sion generally serves fo allow 
fluid to enter the braking system. 

22. Independent Systems 

22- 1. An independent brake system is 
illustrated in figure 97. This system is generally' 
found on fighter-type and liaison-type aircraft. 
Usually, the independent system is not con- 
nected to the main hydraulic system of the air- 
craft, except in some cases where the brake 
systems are supplied with reserve fluid from the 
main system. Hydraulic braking pressure is 
developed entirely by foot pressure on the 
brake pedal. The hydraulic units of an in- 
dependent system (fig. 97) consists primarily of 
a reservoir (D), a master cylinder (C), and a 
brake unit (G). 

22-2. Reservoirs. Some systems have one 
reservoir that supplies fluid both the right 
and left master cylinders. In other systems, each 
master cylinder has its own individual reser- 
voir. These reservoirs contain a reserve supply 
of fluid to replenish that which is lost through 
normal leakage. They also have space to hold 
any excess volume that may result fronri thermal 
expansion. 

Master Cylinders. There are many 
types of master cylinders, and they vary in size 
and shape, depending on their use. Because of 
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A. ' Brake peUal 

B. Parking T-handIo 

C. Master cylinder 

D. Brake fluid reservoir 

E. Fluid supply line lu other master cylinder 

F. Parking ratchet 

G. Brake assembly 

Figure 97. Independent brake system. 

their low volume otUpur, they are mostly used 
with small brake assemblies installed in lighter 
aircraft. All properly functioning master cylin- 
ders produce the same result; they develop 
hydraulic braking pressure. They are connected 
to the brake pedal by mechanical linkage. 
Depressing a brake pedal causes the master 
cylinder piston to move, sending fluid to the 
brake assembly to apply the brake. 

, 22-4. The mechanism can sff^ be used as a 
parking brake. With the system shown in figure 
97, an aircraft may be parked by first 
depressing the brake pedal (A). This action 
causes the master cylinder (C) to send fluid to 
the brake assembly. When full braking pressure 
has been attained, the parking T — handle (B) 
is pulled. This engages the parking ratchet (F). 
which holds the master cylinder in the brake 
applied position. The other line (EHSrom the 
reservoir is connected to the master cylinder 
for the other brake assembly. The operation of 
both the right and left brake is identical. The 
brakes may be released from the parked 
position by firmly depressing the pedals. This 
action releases the ratchet and allows the 
master cylinder to return to the OFF position. 

22-5. The Gladden Master Cylinder. This 
master cylinder is typical of the ones used on 
several of our fighter and liaison aircraft. It. 
like all others, converts mechanical force into 
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A. Brake port 

B. Passageway 

C. Passageway 

D Master cylinder chamber 

E. Return spring 



F. Reservoir p>ort L. 

G. Bushing M. 

H. Protective boot N. 
J. Piston rod O. 
K. Poppet P. 

Figure 98. Cross section 



Piston head passage 
Small spring and retainer 
Piston head 
Compensating spring 
Compensating piston 

of a Gladden master cylinder. 



Q. Compensating chamber 

R. Compensating passage 

S. Compensating pbppet 

T. Lever 



hydraulic pressure. Figure 98 illustrates the 
Gladden master cylinder. The pilot's brake 
pedal is mechanically linked to the master, 
cylinder piston rod (J). Whenever the brake 
pedal is pushed down» the piston rod moves to 
the right. The first movement of the rod will 
push the retainer of the small spring and 
retainer (N) aWay from the piston head M. This 
allows the poppet (K) to seat or piston head 
(M) before the piston head move . The reason 
for this action is to seal piston head passage (L) 
before ^he piston head moves. This trans the 
fluid in the master cylinder chamber (D)^hen ' 
the piston head moves forward. 

22-6. Now. as the pfston rod continues to 
. move to the right, it pressurizes the fluid in 
chamber D. The fluid is forced out into the 
brake lines through passageways C and B and 
, the brake port (A). To help you better 
visualize these movements of parts and fluid, 
also refer to figure 99. The wheel brake assem- 
^ blies are thereby actuated, and the friction sur- 
'^^Caices are brought into contact. The braking 
Ibrcc applied on the contact surfaces is in direct 
proportion lo the force applied on the brake 
pedal. 

22-7. Braking stops when foot force on the 
p^dal is released. Refer to figure 98. Jhis 
allows the return spring (E) to force the rod and 
pjston back lo^he left. Slotted fingers extend 
rearward from the piston head and contact the 
blushing (G). This action ^stops the leftward 
movement of the piston head. The piston rod^ 
will continue to move to the left until the 
retainer part of N is again seated on the piston' 



head. This extra movement again lifts poppet K 
from its seat on the piston head and reopens the 
piston head passage (L). Now, if any fluid was 
lost by leakage during application of the brake, 
it can be replaced. Fluid will be drawn from (he 
reservoir through the reservoir port (F), into 
the chamber behind the piston head. From 
there it will pass through the piston head 
passage to fill the void in chamber D. This 
route also permits return flow of fluid from the 
system to the reservoir if thermal expansion oc- 
curs. That is, whea the brakes are not applied. 

22-8. When parking an aircraft equipped 
with Gladden master cylinders, first depress the 
brake pedals to pressurize the brake systems. 
Next, pulTthe parking T-handle. As thisSs 
llUpnfe, the action in each of ihe cylinders pro- 
ceeds in the following manner: The lever (T), 
which is cabled to the T — handle, moves to 
the left. This movement forces poppet S to close 
passageway C. This, the fluid is trapped under 
pressure in the brake line and assembly. The 
brake pedals can then be released. The piston 
head (N) and piston rod (J) will return to the 
BRAKE OFF position. However, the brake will 
remain in the applied position because the fluid 
in the system is trapped under pressure. In ad- 
dition, this fluid pressure holds poppet S firmly 
on seat. Actually, then, the parking handle 
could be returned to the normal position 
without losing parking pressure. This is because 
trapped pressure TTolds poppet S on seat. 
However, ihc T- handle should be left in the 
parked position as an added safety precaution. 
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BRAKES APPLIED 
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42.242 



BRAKES PARKED 



Figure 99. Schematic tloW diagram of master cylinder. 



22-9. To release the brakes after the aircraft 
has been parked, return the T — handle to its 
normal IN position. Then firmly depress the 
brake pedals. This pressurizes each master^ 
cylinder chamber to where it overcomes brake- 
line pressure. As a result poppet S is forced off 
tits seat. Release of the pedal will then txfbwh the 
piston head (N) to the left. Now fluid from the 
brake assembly can reenter the cylinder cham- 
ber through the open passageway C. 

22-10. The compensating chamber (O) and 
piston (P) make up for thermal expansion and 
fluid replenishment while the aircraft is parked.^ 
Wfien the brakes are applied and the T — handle 
is pulled, the compensating poppet (S) is 
repositioned. It moves from its seat blocking 
the compensating passage (R) to a seat blocking 
passageway C. As it moves across, it will 
momentarily leave .both scats uncovered. At 
that moment fluid aressure can enter the com- 
pensating chamber/(Q) through passage R. It 
will push the compensating piston (P) to the 
left, compressing the compensating spring (0)l. 
Thus, when the aircraft is parked, there is flqid 
trapped in this chamber. This chamber, spring, 
and piston acts like a spring-loaded ac- 
cumulator. It stores fluid under pressure to 
handle any decrease in brake pressure, due to 
leakage or thermal contraction. Likewise, if 
thermal ex'pansion takes place in the brake 
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assembly, it -will absorb the added volume. 
Thus, the compensating spring and piston 
maintain a balance in the brake system under 
varying temperatures. 

22-11. Pneilmatic Brake System — Master 
Cylinder Operated. Some aircraft use a master 
cylinder brake system that is different from the 
one Just discussed. They use a hydraulic master 
cylinder that does not direct fluid to the brake 
unit. It directs fluid only' to an air relay vatlve 
(metering valve), which in turn directs com- 
pressed air to the brake unit for braking action! 
Figure 100 shows the brake system. The master 
cylinders (A and C) are similar in operation to 
the ones we have already discussed. The main 
difference is that each cylinder has its own 
reservoir mounted directly on it. When you 
depress the left brake pedal, the ^efl master 
cylinder (C) forces hydraulic fluid through the 
brake lines, to the air relay valve (D). This 
hydraulic pressure is applied to a metering 
piston .\n the relay valve. Movement of tl^lr; 
piston causes compressed air to be directed 
through the air line (E) to the brake unit. The 
air pressure metered through the relay is in 
proportion to the hydraulic pressWe applied to 
the piston. When the brake pedals al^ released, 
the relay metering piston goes back to the 
neutral position. When in neutral, ^he relay 
valve piston opens € passage which vents the 
. brak^ air pressure line (E) overboard., 
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A. 
B. 
C. 
D. 
E. 

G. 
H. 
J. 
K, 
L. 



MVORAULIC PRESSURE 
AIR PRESSURE 



Right muster cylinder ' 
Reservoir section of master cylinder 
Left master cylinder 
Relay vu)vc 
Air line to brake unit 
Air lilter 

Left drug brace acciimuUtors 
Right drug brucc accumulators 
Air tiller 

Air line tu brukc unit 
Relay vulvc 

Figure«i^l()0. Muster cylinder brake system. 
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22:12. Air pressure for the brake systems is 
stored in the hollow main landing geir's drag 
brace struts. These struts are shown aJitc;pis G 
aftd H in figure 100. As part of the lan/iinggcar 
assembly, they brace the oleo \irm. These 
hollow storage spaces acts as air aacumulators:* 
Each storage area is provided byifh high- 
pressure relief valves and bleed plugs. Air 
pr^sure in the drag brace accumulators is sup- 
plied by the aircraft's high-pressure pneumatic 
system. The high-pressure air enters the drag 
braces through check valves to insure enough 
compressed air for one safe landing should the 
pneumatic syslem fail. 

22-13. The previous paragraphs explain how 
master cylinders can be used in different kinds 
of brake systems. Regardless of the iype of 
system it is used in, the operation is basically 
the same. In Volume 3, you will see how this 
system is connected to the entire* aircraft 
pneumatic system. 

22-14. Bleeding Independent Brake 
Sysstems. Any tinj^ir get^ into a hydraulic 
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Right rudder brake pedal 
Brake reservoir 
'Gravity feed filler tank 
Shututt v;ilye * 
Left rudder brake pedal 
Left master cylinder 
Bleeder valves 
Left brake assembly 
Glass jars 

Right brake assembly 
ftight master cylinder 



Figure 101. 



Brake bleeding with gravity tank. 




brake syslem, the brakes must be "bled." 
(Bleeding brake systems is the act of flushing 
out' the air-polluted fluid with fresh, pure 
fluid.) Air may get into the hydraulic brake 
system when you replace such units as brakes, 
master cylinders, linei, or. other items. Air may 
also be forced into the system by the master 
cylinder if the pedal is depressed while the 
reservoir i^ empty. Likewise, as the brake pedat 
is released, retraction of the master cylinder 
piston may cause a partial vacuum that could 
suck\ir into the system through any existing 
leaks. The formation of air pockets in the l^rake 
system causes brake pedal operation to feel 
"spongy." This is because the air must first be 
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compressed before braking pressure can be 
d^eloped. Braking action becomes erratic. 
This air >must be purged from the system 
before operation can return to normal. 

22-15. The recommend-ed method of 
bleeding air from independent brake systems is 
called the gravity method. It is essential that 
only clean, pure, strained fluid of the proper 
specification be used during operation. 

22-16'. W|)ere filling and bleeding is 
regularly done, a gravity tank should be on 
hand. Figure 101 shows an independent system 
properly connected for gravity bleeding. The 
tank (C) should have one or two outlets at the 
bottom. Each outlet has a shutoff valve with a 
-hose fitting at its outlet. The tank should have a 
filler opening at the top equipped with a fine 
screen; also, the cap must have an air vent. It is 
important that the tank contain a large supply 
of fluid before you start bleeding the brake 
system. 

22-17. The tank outlet hose is first con- 
nected to the brake reservoir, (B) port. If each 
master cylinder (F and L) has its own reservoir, 
a tank hose is attached to each reservoir ir\jet 
port. You wjl^find a bleeder valve (G) located 
near the high<?t portion of each brake assem- 
bly. Remove the dust cap (or screw) from the 
bleeder valve. Then screw a soft hose with a 
threaded fitting in one end into the bleeder 
valve. Place the loose end of the hose in a glass^ 
jar (J) partly filled with clean brake fluid. The 
ejid of the hose should be submerged in the 
fluid. When the hose and jar are properly con- 
nected, open the bleeder valve. (Check your TO 
on how to open the bJeeder valve on the brake 
you are bleeding.) Mow the Oui^ can flow from 
top of the brake assembly through the bleeder 
valve into the, glass jar. To begin fluid flow, 
open the filler tank shutoff valve (D). When/he 
reservoir is full, begin alternately applyi^^nd 
releasing (he brake pedal. Continue pumping 
the brake pedal until air bubbles no logger ap- 
pear in the glass jar. The amount of fluki 
required to, bleed the system^depends on the 
size of the system as well as the amount of air in 
the system. When all the air is bled from the 
system, close the bleeder valve and remove the 
bleeder hose. .IRh^ replace the duSt cap on the 
bleeder valve. Finally, close tJie tank shutoff 
valve' and remove the tank. 

22-18. Some maintenance organizations may 
use a Sightly different method for bleeding the 
brakesr They use the same equipment and 
hookup as mentiotied above, but the actual 
brake bleeding definitely requires two, men, one 
in the cockpit ana the other at the bleede»^ 
valve. The (nan at the bleeder valve opens the ' 



valve while the brake pedal (A or E in fig. 101) 
is being depressed. Then, he closes the valve 




A. Bleeder valves 

B. Hose for bleeding 

C. Bleeder valves 



D. Brake assembly 

E. Glass jar 



Figure 102. Brake assembly with lour bleeder valves. 

before the brake pedal is released. This 
eliminates any chance of air being sucked back 
into the system through the bleeder valve when 
the pedal is released^ 

22- 19". The brake assemblie$ shown in figure 
101 have only one bleeder valve. But often 
there may be more than one. Figure 102 for 
example, shows a brake assembly that uses four 
bleeder valves. In an assembly such as this, the 
above brake bleeding procedures must be per- 
formed at each bleeder valve. Relate the callout, 
letters in figure 102 to thT^iscussion of figure* 
101. 

23. Integral Brake Systems 

23- 1. Many airdraft now have some type of 
power brakes or power-assisted brakes. TJjey 
use hydraulic pressure from the aircraft^s rri^in 
hydraujic system to provide most or all of ^he 
energy required to apply th& brakes. These 
brake systems are called integral because they 
are integrated with the main hydraulic system. 
Some of these booster type systems use metered 
system pressure to aid the pilot^ in pushing the 

' master cylinder piston. Others meter the main 
system fluid directly to the bcake assemblies. 
Some others use one brake valve to control 
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another brake valve; this type of operation is 
called a slave brake system. ' 

23-2. In all cases, thermal expansion and 
Huid loss must be compensated for in both ap- 
plied and unapplied positions, **Load feeT* is 
built into the brake system so that the pilot is 
aware of the amount of braking action taking 
place. ^ 

23-3. Maslcr. Boosl'^ Cylinder. A master 
btiosl cylinder is shown in figure 103. This unit 
is a master cylinder that uses aircraft hydraulic 
system pressure \o aid the piloi apply the 
brakes. The bo6.st pressure Huid does not go 
through the master cylinder to the brake line; 
it only assists the master cylinder piston in its 
pressure stroke. 

23-4. When" the brakes are applied, the 
piston rod (A) is pulled away from the cylinder. 
The cylinder is held stationary at the cylinder 
pivot attachment point (J). This rod movement 
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first causes the poppet (D) to scat on the cylin- 
der piston (O- Continued movement -of the 
piston rod then pulls the piston to the right. 
This forces Huid out the cylinder port (B) to the 
brakt Assembly. As pressure begins to rise. 
iTH)rc resistance to the pull develops. As a 
result, the piston rod (A) and pivot attachment 
(J) tend to form a straight line. This causes the 
lever arm (H) to push the sliding spool (G) to 
the right. As the spool moves to the right, the 
return port (F) cU\scs and the pressure port.(E) 
opens. System pressure nrtw enters the narrow 
space of the spool and flows throu^ the drilled 
passage in the spi)ol. This pressure will cause 
the area between the spool (G) and piston (C) 
to become pressurized. Suc1i pressure gives the 
boost action that aids the pilot in applying the 
brakes, ftoost pressure atso acts on the right 
end area of the spool (O.This causes it to 
move back aginnst its spring until the narrow 
part is belwcen the pressure and return .ports. 
This cuts (>fT all nuufnow through these ports. 
If the pilot wants to inereasel>rake pres&ure. he 



pushes a little harder. This offsets the spool (G) 
again long enough for boost pressure to in- 
crease proportionally. Maximum brake 
pressqre is manually adjusted by turning a nut 
located on the lever arm (H), 

23-5. Power Brake Conlrul Valve. The 

power brake control valve (PBCV) is the heart 
of the brake metering valve controlled system. 
This type system is usu'Slly found on bombers 
and cargo aircraft. A power brake system is 
quite simple. It consists of a PBCV with 
hydraulic lines connecting it to the main system 
pressure and return, and to the brake' assem- 
blies. Linkage connecting the PBCV to the 
brake pedals is much' like the linkage on othe& 
types of brake systems. Parking the aircraft is 
generally done by holding the brake control 
valves in the ON position by means of a 
mechanical locking mechanism in the pedal 
linkage. To explain • operating principles of 
brake control valves, consider the single Ben- 
dix PBCV. It is shown in figure 104. Although 
this valve is no longer in common use, it is 
• given as a representative sample to explain 
operating principles. It is a good valve for this 
purpose. Smaller, more complex dual units will 
be easier to understand if you are clear on this 
one. 

23-6. In the top illustration, the valve is 
"^own in the unapplied position. Note that 
lower poppet (C) is not seated on the piston. 
Thus, there is an open passage between the 
reservoir return port (P) and the brake pressure 
line port (B). This provides a path for fluid 
replenishment and thermal expansion when the 
brakes are in the OFF position. Also, notice 
that the top picture shows the pressure port 
being blocked by the upper (pressure) poppet 
(E). 

23-7. The valve begins metering fluid when 
the brake pedal (A) is depressed. This causes 
the right-hand end of the leaf spring (O) to _^ 
move downward. Because the spring • block ^ 
pivots, the left-hand end moves upward, forcing 
the piston (H) against the lower poppet (C). As 
pisu>n movement continues, the upper poppet 

(E) is unseated (middle illustraiion. fig. j()4). 
This allows fluid to enter the upper chamber 

(F) to the valve and flow out the brake line port 
(B) to the brake. As pres.sure increases in the 
brake, it also builds up in the upper chamber of 
the break valve. This increasing pressure 
creates a downward foree^ on the*- piston. Since 
ihe brake pedal remains depressed, the piston 
will move downward when fluid force over- ' 
comes the stretigth of the leaf spring (Q). Fluid 
prcssu|e"and the small spring (g1 cause the 
lower poppet to remain seated and follow 
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A. Brake pedal J. Lower chamber 

B. Port to brake assembly K. Low>prcssurc adjustment 

C. Lower (return) poppet nuts 

D. Pressure inlet port L. Pivots 
M. Yoke (high pressure) 

adjustment 
N. El'Icctive leaf spring length 
O. Leal' spring 
P. Return port to reservoir 



E. Upper (pressure) 
poppet 

F. Upper chamber 

G. Small spring 

H. Piston ^ 
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Figure 104, Schematic hf Bendix PBCV. 



piston movement. As the movement continues, 
the upper poppet (E) seats again. This traps the 
fluid under pressure in the brake assembly, 
maintaining braking a^ion. This position of the 
valve is shown in the Uwer illustration of figure 
104. Downward I'orceAon the piston is tran- 
smitted through the linHage to the brake pedaL 
This force provides the pilot's foot with an op- 
posing force that is proportional to the amount 
of braking pressure, fhus, the pilot has 
"load' feel.*' 

23-8. When the aircraft is parked, a constant 
force is exerted on the brake pedal. During 
sucff a period, tluid may be lost from the brake 
line or assembly. Such a loss will cause a 
pressure drop in the upper chamber of the 
PBCV. The leaf spring then will overcome the 
decreased force on the piston, forcing it and the 
poppef upward. This will permit more fluid to 
enter the brake system through the inlet port 
(D), This action again raises the pressure to the 
original level. 

23-9. What happens if thermal expansion oc- 
curs while the aircraft is parked? The enlarged 
fluid volume will raise the fluid pressure within 
the upper chamber (F). The downward force on 
the piston will overcome leaf spring force aild 
move the piston downward slightly. As the 
pistoii lowers, it leaves the lower poppet, 
thereby opening the passage through the piston. 
This allows fluid to excape out through the 
lower chamber (J) and return port (P). Enough 
will escape until leaf spring force again over-^ 
co[;nes the decreasing fluid force on the piston. 
At that time the piston will rise, and again trap 
the fluid in the brake system. 

23-10. The pressure metered to the brakes 
depends upon the distance the piston moves up- 
ward; this distance is determined by the force 
applied to the brake pedal. A small amount of 
xpedal pressure forces the piston upward a slight 
distance. Then, a relatively low pressure in the 
brake system can force the piston downward. It 
will be enough to bend the leaf spring 'the slight 
amount necessary to allow seating of the upper 
poppet. 

23-1 K A large amount of force on the brake 
pedal causes the piston to rise a considerable 
distance. In this case, a high brake system 
pressure is needed ro force the piston down- 
ward the increased distance. From this it 
be seen that the pressure metered to the brake\ 
assembly is controlled by the PBCV; this 
pressure is proportional to the applied .pedal 
force. However, each system does have a certain 
designated maximum pressure. This pressure 
varies between aircraft models, but it is aWays 
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enough to lock the wheels against rotation. 
Higher pressure is not wanted as it might 
possibly burst the brake- lines or rupture the 
seals. Therefore, an adjustment is provided on 
the brake control valve to limit maximum 
pressure output. \ 

23-12. The maximum pressurfc delivered by 
the Bendix RBCV is controlled jby leaf spring 
lejusion. When the brake oldal is fully 
depressed, the piston rises ajflefmitc distance 
until poppet E opens. Incoming pressure in ihi^ 
upper chamber forces the piston back down this 
distance before the upper poppet again seats. 
To do so, the pressure must overcome the leaf 
spring force. If we increase the leaf spring ten- 
sion, 'we also increase the pressure required to 
force the piston downward. Likewise, if we 
decrease leaf spring tension, leSs pressure will 
force the piston down to where poppet E closes. 

23-13. The yoke adjustment{IVl, shown in fig. 
104) controls the leaf spyng tension. It does so 
by increasing or decreasing the effective spring 
length (N). When the yoke is moved away from 
the pivot point (L), the effective length of the 
spring is decreased; because only the portion of 
the spring that is to the right of the yoke can 
flex. This increases maximum metered brake 
pressure since a higher pressure is required to 
bend the |hortened spring. The high-pressure 
adjustment is initially set by the Manufacturer. 
In lime it may require readjustment because of 
spring fatigue, vibration, or careless main- 
tenance. Besides the high-pr^ure adjustment, 
there is also a low-pressure OTjustment on the 
PBCV. The iow-pressure adjustment nuts (K) 
regulate the piston height when the brake pedal 
is released. The low-pressure adjustment in- 
sures zero pressure in the brake system when 
brakes are unapplied. Poppet C must be open to 
give zero pressQre. The piston height is adjusted 
to provide a clearance between the piston annd 
the lower poppet. This furnishes an open path 
for thermal expansion Jtnd fluid replenishment. 
It also insures that the upper poppet is seated, 
preventing pressure flow into the brake system. 

23-14. Adju.sting Power Brake Control 
Valve Sy.stcm.s. If you can adjust the PBCV in 
figure 104, you- can adjust most other brake 
controls and metering valves. 

23-15. As previously stated, it is possible for 
the high- or low-pressure adjustment to change. 
The high-pressure adjustment can -b^ checked 
with a pressure gage attached to the brake port 
(6). Maximum brake pedal force should meter ^ 
a certain specified pressure to the brake assem- 
bly. Assume the pressure gage indicates less 
han the maximum braking pressure specified in 



the aircraft TO. To increase the pressure, ihe 
yoke, must be moved further from the pivot. 
This shortens the effective spring length, which 
increases maximum braking pressure. A higher- 
ihan-spccified gage reading is corrected by 
moving the yoke closer to the pivot. This 
lengthens the effective spring length, which 
decreases the maximum metered oressurc. 

23-16,. The low-pressure adjustment is set b 
the manufacturer and should need no furthc 
attention. However, sometimes changes ai 
made in the connecting linkage from the ped 
to the valve. Or, if the adjusting nuts (K) ha 
been tampered with, the low-pressure au- 
justment may be off. If the piston is too low, the 
indication is excessive **free^ pedal" before the 
braking action begins. A pisfon that is too high 
may unseat the upper poppet. Thi!frwil^ allow a 
small amount of pressure to build up in the 
brake system and cause **dragging" brakes. To 
obtain correct low-pressure adjustment, apply 
pressure to the system port (D) with the brake 
port (B) open. The piston is then raised by tur- 
ning nuts (K) until a small amount of fluid 
flows out the brake port. The adjusting nuts are 
then turned back a specified^ amount. This 
lowers the piston until the proper clearance is 
obtained between the piston and lower popoet. 
The TO on the PBCV gives the number of tij-ns 
through which the adjusting nuts must be 
rotated. 

t» 

23-17. Bleeding PBCV Systcni.s. Bleeding 
'^of the PBCV is much like the methods used 
with the independent systems. The gravity 
method, however, is the hard way to do a com- 
paratively simple task. A hieans of bleeding that 
is easier than the gravity method is internal 
pressure bleeding. 

23-18. To bleed the brake system in this 
manner, first be certain that the main hydraulic 
reservoir is filled. Then, connect a hose from 
the wheel bleeder to a clean jar in the regular 
fashion. Now, build up hydraufic system 
pressure. Next, open the wheel bleeder ap- 
proximately one turn, and depress the brake 
pedal. This causes the pressure poppet of the 
PBCV to be unseated, alloWing fluid to flow to 
the brake. There it escapes from the assembly 
through the bleeder. This flow must continue 
until the escapi^fluid isxompletely free of air 
bubbles. Whenmi air has been purged from the 
system, the bleeder is closed, release the brake 
peda'. It is important that a nearly normal fluid 
level be maintained in the aircraft reservoir 
during bleeding. 

23-19. Dual, Power Brake Control Valves., 
Dual PBCV's are used on man^^ of the larger 
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aircraft. Thts^ valve is nothing more than two 
single valves built into one housing casting. 
There are advantages to the dual valve, as com- 
pared to the single units. The weight of the unit, 
as well as the number of connections, is less 
than two singles. A dual PBCV, such as that 
shown in figure 105, has only four fluid port 
connections. Two single valves would require a 
total of six hydraulic ports. Each side of the 
dual valve operates the same as a single valve. 
But, the right and left sides share a comhion 
pressure and a common retdrn line. 

23-20. In figure 105, port A on the extreme 
right-hand end of the valve is the pressure inlet 
port. The two ports B, located side by side on 
lop of the valve, are the brake ports. The com- 
mon return porl -(C) is located in the cenitr of 
the valve directly ^ehind the brake ports. 

23-21. Dual PBCVs have some disad- 
vantages. A leaking return poppet or piston seal 
in one of the valves or a leak in one of the 
brake lines or assemblies can cause the loss of 
pressure in* both brakes. 

23-22. Slave" Brake System In paragraphs 
.21-4 and 21-5, and 23-1, we touched on slave 
brake systems. One thing^we mentioned is that 
the PBCV's were located near the landing 
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A Pressure in let pori (t rum main sybtcni) 
"^B. Parking pressure inlet pt»ris (trtun nuun sjj^(Stem) 

C. Slave and parking c)linders 

D. Slave cylinder pressure ports (rrt>m master cylinder) 
H. Actuating levers 

F. Actuating lever spring assemblies 

G. Return port to reservoir 

H. Brake ports (2 each) 

Figure 106. HydraulieaH) operated HBC V. 

wheel brakes. The dual brake control valve is 
remotely contrqlled by master cylinders. These 
are mechanically connected to, the brake 
pedals. One advantage of this type system is that 
it is light in weight. Another is that there arc 
no high pressure hydraulic lines in the pilot's 
compartment. Figure 106 shows one type of 
hydraulicallj? operated (slave) power brake 
control This valve is a' dual unit that 

meters tluicTTn the same manner as other dua) 
PBCV^s. The difference lijietween this valve and 
the usual brake control valve is the method 
of operation. " ^ 

23-23. Each of the brake pedals of both pilot 
and copilot operates a separate master cylinder. 
Both pilot jind copilot riglit master cylinders 
send fluid into the right slave cylinder pressure 
port (D), figure 106. Both pilot and copilot left 
masters cylinders send tfuid into the left slave 
cylinder pressure port (D). When fluid enters 
cither of ihc^lwo ports marked 'D/' it forct^s 
a piston in a slave and parJcing cylinder (C) to 
ninve left. This pushes the upper end of an ac- 
tuating lever (F). with its spring assembly (F).. 
to the left. The lever is pivoted ^o the lower end 
moves to ihcvrighl. Either lever causes the 
PBCV to meter main system fluid, which en- 
tered the pressure inlet (A)/oul through a brake 
port (H). I^roni either port H (only front port 
showa). it ri<u\s U) the l ight or leli brake assciiw 
hl>. 'I he force iipplicJ by the brakes is in direct 
proportion to the force jpplicJ on the brake 
pcJaf. ^ 
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"23-24. To apply jthe parking brakes, main' 
system pressure is routed into parking pressure 
inlet ports (B). In the line upstream from ports 
B is an ON-OFF valve operated either manually 
or by a solenoid. It is called the parking valve 
Opening A actuates the parking brake feature. 
Fluid entering ports B pushes the piston in the 
cylinder (C) against lever E and F. As in nor- 
mal brake application, either lever causes the 
PBCV to meter fluid to the brakes. Again the 
source of fluid to the brakes is pressure inlet 
port A. When the brakes are released the fluid 
returns to the main system reservoir through 
the return port (G). An accumulator and check 
valve are located in the line attached at port A 
This provid?^ a supply of fluid under pressure 
for landing if the main hydraulic system has 
failed. 

24. General Maintenance of Brake Valves 

24-1. Check power brake valves, brake 
metering valves, and master cylinders for 
operation before taxiing or towing an aircraft. 
At periodic inspections, inspect them for 
leakage at the ports and around the piston rod. 
You must also periodically check both the 
maximum and parking brake pressures. To do 
this/connect a pressure gage to the brak'e, 
bleeder port and then apply normal and 
parl^n^rake pressure. Of course, an adapter 
line will have to be connected to the gage and 
the bleeder port. .Such a line can be manufac-" 
tured locally. 

24-2. You must also keep in mind that if any 
hydraulic brake line is discoaqected, the system 
will have to be bled to insure proper operation. 
Next, we discuss some other specific main- 
tenance operations. 

24-3. Inspection and Repair. Like all other' 
pneudraulic comp^ents. brake valves will have 
to be disassembled, cleaned', inspected, 
repaired, and tested periodically. They must be 
cleaned with an approved cleaning solvent 
Then, they must be dried thoroughly with a 
clean, lint-free cloth or with compressdl air. 
While the unit is disassembled, you inspect all 
parts for nicks, cracks, scratches, .corro^sion 
and dirt.. All threaded surfaces must be in- 
spected for stripped, crossed, or otherwise 
damaged threads. All items included in the 
repair kit for that unit jhould be installed as 
replacements. Replace worn or damaged parts 
that cannot be reworked by lapping or honing 
to meet inspection requirements. Before 
reassembly, lubricate all internal parts with 
clean hydraulic fluid. 

24-4. Testing. Various tests must be per- 
formed on all reassembled brake valves before 
they are put into use. One test is the proof 
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pressure and external leakage test. Here^ the 
ports are plugged and the valve is pressurized 
for a length of time. The valve i^^ checked for 
damage and leakage. Another test checks for in- 
ternal leaks while the valve is pressurized. The 
final check is an operational check. * 

24- 5. A hydraulic test stand such as the 
HCT — 6 is required to perform these tests. (We 
do not go into detail; these tests vary for each 
valve.) You must follow the step-by^tep 
procedure as given in the applicable TO. Main- 
tenance of these valves is made easier if you 
follow the troubleshooting charts given in most 
I Os. 

25. Deboosters 

25- 1. A debooster is used in an aircraft 
brake system to insure rapid application of the * 
brakes. Also^it releases the brakes more 
quickly. Th§|^ain aircraft system fluid supply 
coming from the PBCV or metering valve is 
high in pressure but small in volume. The same 
is true for the fluid coming from a master cylin- 
der. Most aircraft do not ne^ such high 
pressure going into the brake \o lock the 
wheels. But. large aircraft with many wheel 
brakes require a large volume of fluid. The 
debooster solves this problem. It reduces the 
pressure but increases the volume lo the brakes. 

25-2. You may be wondering why it is so im- 
portant to have the brakes apply and release so 
rapidly. Therefore, let's explain the situation. 
Braking action occurs by forcing ^ stationary 
surface against a rotating surface. We also know 
^ that all brakes have an o//clearance. This is the 
actual distance between the rotating and the 
stationary surfaces when the brakes are not ap- 
plied. The initial volume of fluid directed into 
the brake unit takes up only the off clearance. 
The larger the brake unit, the greater the 
amount of fluid required for this purpose. What " 
happens after the stationary surface of the brake 
has made contact with the rotating surface? ^ 
More fluid is forced in to give effective braking 
pressure. We must provide-some mcan/of get- 
ting a large volume of fluid into the b/ake unit 
during application rapidly. If we dq/Vt get the 
fluid in quickly during-applicalion, the braking 
action will be too gradual. This will result in 
excessive heating and wear of the brakes. The 
cause is the, extra dra^ on the brakes before ff . " 
fective brakina takes pUuur Likewise, we must 
get the fluid out quickly because brakes will 
drag if they are released slowly. This again 
causes more heat and wear. < 

25-3. This brings up what you learned in 
Chapter 1, Sections 4 and 5. Deboosters are 
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Figure 107. Ty^- ,«l debooster. 

length-volume relationships. They also demon- 
strate mechanical advantage or MA. Turn back 
and review these sections if your memory on 
tho<;e matters is fuz2y. On a piece of paper draw 
figures 3 and 4 and read hpw to apply them. 
Kdep this paf^er before you as you road the 
material on dcboosters. 

25-4. Operation. Figure 107 illustrates a 
typical, booster. A'close- look at it will help you 
to understand its operation. The main feature is 
the piston, which has two different areas. The 
upper area (N) and lower area (H) always differ 
in size. The s\t^ ratio of one piston to that of 
the other will vary according to need. Some 
r?itios are 3:1; that is, the^ lower area is three 
times that of the upper area. Other ratios may 
be 6.7:1 or 4:1, depending oii the clesign .for 
a specific system. For instructional purppses, 
assume that the debooster in figure 107 lias a 
3:1 ratio. Pressure coming from the brake 
control valve enters the debooster at the 
metering valve port.|(A). It acts 6n the upper 
area of the pjston. If the pressure coming in is 



C200 psi and the upper area is equal to I square 
inch, the force dcvelope'd will be 1200 pounds 
force (P X A = F; 1 200 psi X I sq. in. = 1200 
lbs. force). With a 3:1 ratio, the lower area of 
the piston (H) is 3 square inches. The pressure 
developed on the bottom side will be 400 psi 



(f = P 
^ A 



1200 lbs, force 
3 sq, in. 



= 400 psi). 



This computation shows that the debooster has 
reduced or deboosted pressure, 

2.S-5. However, this is not the most im- 
portant facto.. Suppose the piston is moved^ 
down ^distance of 1 inch. One cubiq^inch of 
fluid will be required to accomplish this 
movement. (A^x L = V; I sq. in. X I in. = 1 
cu. in.) At the same lime, 3 cubic inches of fluid 
will be forced out the lower port (D). (A X L= 
V; 3 sq. in. x lin. = 3 cu. in.) The main pur- 
pose has been accomplished, that of sending a 
larger amount of fluid to the brake assemblies. 
The brakes are applied quickly by the larger 
volume under^'a still adequate pressure. Rapid 
release is obtained by the reverse procedure. 
"When^the brake pedal is released, the I cubic 
inch of fluid in the upper chamber (O) is dum- 
ped back through the brake control valve. 
While the spring (F) moves the piston upward I , 
inch, the lower chamber draws 3 cubic inches 
from the brakes. 

25-6. The air vent (K) prevents a vacuum or 
high-pressure condition from building up 
behind the piston. Two seals (J and L) prevent 
the fluid in the two chambers from escaping out 
the air vent. When the brakes are released, fluid 
in the upper chamber (O) returns through the 
brake control valve to the reservoir. The fluid 
in the lower chamber (G) increases in volume 
when the brake is released. The spring (F) 
creates this added volume by forcing the piston 
upward. 

2S-7. Fluid Replenisihment. if fluid leakage 
occurs anywhere below the debooster, the fluid 
m'ust be replenished. We will explain how with 
most deboosters the replenishing is automatic. 
Leakage Jrom the lower chamber will cause the 
piston to ride lower in its travel. The piston can . 
move down to a point where the opening pin 
^(E) will contact and op en the compensating 
valve (IV|). Notice thrifs^lve is built like a sim- 
ple ball check valve. Now compensating fluid - 
can flow from the high^ide to the low pressure 
side of the piston. This flow will stop when 
enough fluid has entered chSfmber G to raise 
the piston ajnd close the valve (M). When the 
valve closes, the lost fluid in thelower chamber 
will have been replenished. The^+iamber must 
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^ be large enough to hold a little more fluid than 
maxinjfum wheel braking requires. This 
prevents the piston from normally moving 
down far enough to open the compensating 
valve. Thermal expansion of the fluid in the 
lower chamber can easily qpoii the com^. 
ipensating valve and be relieved. With this type 
of dcbooster no special procedure is necessary 
for bleeding. Whichever method of bleeding is 
used, the compensating valve will allow the 
fluid to reach the outlet. 

25-8. The compensating valve and 
open ing-vpin may not be instaWecJ in some 
^ sters. If so. an external line (B), with a 
star valve (C). will connect the upper and lower 
chambers. THe normal position of this star 
valve is closed. Normal operation of th^ 
debooster is the same as before, but 
replenishing is done manually. 'With this 
arrahgemeni. it is necessary tb open the star 
valve while the brakes are^applted. This will 
direct pressure to both sides of the piston. Since 
the lower side is larger in area, the piston will 
be moved upward, replenishing the lower, 
chamber. Tvhe star^valve need only be opened a 
moment and must be closed after replenishing 
is completed. Should the star valve be left open, 
the brake unit would receive more prehurc 
than normal. This could easily cause locked 
brakes that would damage the internal parts of 
the brake unit. 

25-9. IViaintenance. To -bleed \ie brakes 
with this type of debooster. open the star valve; 
which will remain open througljout the 
bleeding procedure and closed thereafter. A 
thermal relief valve relieves expansion in the 
lower chamber of this debooster. It relieves a 
few drops of fluid overboard when pressure 
goes high enough. (T>e relief valve is not 
shown in figure 107.) 

25-10. The debooster housing is actually 
constructed in two halves, bolted together. 
Take care during disassembly to hold the two 
halves securely when removing. the b<3lts. The 
strong spring (F) lends to force thcXhalves 
apart. All parts must be washed in an approved 
cleaning solvent, and seals must be** replaced 
with new ones. Using an arbor press to hold the 
two halves together makes assembly easier. 
Testing procedure is set forth in the applicable 
TO for each model debooster. There you will 
• find specific testing pressures applying to that 
particular debooster. 

26. Brake Assemblies — Multiple 6isc 

26-1. In the preceding sections you learned 
how various brake systems and.components are 
ifsed. Their purpose is to deliver hydraulic 
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pressure to the brake assemblies in proper 
quantity. These brake assemblies must operate 
at a high degree of efficiency. And ihey mu^t do 
«o with a minimum amount of lining we^. They 
mu5t also be highly resistant to the condition 
known as brake Jach. This is a gradual loss of 
braking action due to overheating. 'However, 
there is one more thing to mention before 
discussing the brake assemblies: how the laws^ 
of physics tie into the overall hydraulic braking 
system. 

26^-2. Physical Principles. 6ne of'ihe basic 
laws of physics spates thaf any bady in motion 
has kinetic energy. Thus, a bullet in night has 
, ene^rgy. and this energy is expended wherf it hits 
an object. Likewise, a moving aircraft 'or 
, auiomobile has energy thai is expended when it 
stops. Thereforfe\ the motion of any body ceases 
when its kinetic energy has been expended. One 
of the best ways to dissipate this energy is to 
convert it into heat. Brakes convert the kinetic 
energy of a moving aircraft jntd heat. The 
amount of energy contained depends upcw) the 
height (mass) of the aircraft and its speed 
(velocity). Thiis.- the amount of heat generated 
to stop the aircraft depends solely upon these 
factors. The brakes must' be of a correct size 
and design to handle this heat. Better brakes 
^re designed to/tolerate high temperatures and 
to dissipate the heat rapidly. . 

2^-3. You havd no doubt watched large air- 
craft rolling down the runway after landing, 
^^d ytJu ever think about how much heat w^s 
g^^g generated from the braking action? Its 
probably a lot more than you ever thought. It is 
enough to raise the temperature of a seven- 
room house from freezing to around 70°. The 
friction and heat causes braking materials, to 
wear away. warp, and deteriorate. As the 
pncudraulic mechanic, you adjust, inspect, 
i*eline. and replace these b'rakes. 

26-4. JNJow what are the various types of 
brake assemblies used by "the Air^ Force? The 
Tirst one that we will discuss is the multiple dis<i 

, * 26-5. Conslruclion and Opcralion. The 
multiple disc brake contains a number of metal 
discs. §ome of these discs are bronze plated and 
are keyed to. rotate with the wheel. ^The 
remaining discs are made of steel. These steel 
discs are spaced altfernatel^^ between the bronze 
discs and do not rotate. Figure 108 illustrates a 
typical multiple disc brake. 

26-6. Braking takes place when fluid under 
pressure is introduced tfehind the annular ring 
shaped piston (C). The fluid forces the piston to 
the left. This movement creates friction bet- 
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Figure 108. Cutaway of a multiple disc brake. 

ween the rotating bronze discs (G) and 
nonrotating steel discs (B). This friction causes 
the bronze discs to st6p turning, and since they 
are keyed to the wheel, it also stops turning. 
The amount of braking action is directly 
proportional to the amount uf pressure ad- 
mitted to the brake. ^ " 

26-7. The braking friction between the discs 
generates a large amount of heat. An insulating 
ring (E) is provided to prevent the fluid behind 
the pistonr from absorbing the heat. If the in- 
sulating ring were not included, th« tem- 
perature of the fluid would become so high that 
it would boil when the brakes were released. 
This would have the same effect as air in the 
brake assembly; the braking action vyould be 
spongy. 

26-8. The number of steel discs is one 
greater than the number of bronze discs. This is 
because one stationary disc is needed on each 
side of the stack. 

26-Sf. You may ask this question, "Why do 
we use discs of unlike metals?"' The answer lies 
in the' molecular construction of the metals. 
Any time friction occurs between two like 
meials, galling, scoring, or metal pickup will 
take place. This problem is greatly reduced bet- 
ween unlike metals. Bronze and steel have been 



found to be one o\[ the better combinations to 
use for disc brakes. 

26-10. Multiple disc brakes have one ^ig 
disadvantage: the extreme warping of the discs 
which talces place when they are overheated. 
Much of this is due to the brake's having a large 
friction area and poor heat-dissipating 
qualities. Long, hard application of the brak^ss 
will cause the discs to become very hot. But, 
they should not be artificially cooled, .as this 
will warp (Them. 

26-1 l^^aintcnancc. Access to the brake 
assemj>iy is gained by rempving the wheel. 
This should b^^^ne according to instructions 
contained in the TO for the aircraft concerned. 
To inspect and repair the brake, it should be 
removed from the aircraft. To do this, discon- 

ect the hydraulic line; ai\d detach the whole . 
brake assembly from the axle torque flange. 
> 

26-12. Refer again to figui'e 108. To 
disassemble the brake, startjby removing the 
disc retaining nut loc)c screw (H); then 
manually unscrew the disc retaining ntit (1). 
The stationary and rotating discs can then be 
lifted from the housing. Next, remove the 
fragile insulating ring, using extreme care. 
Follow instructions in the TO covering the 
brake to remove 4he piston and piston seal. 

26-13. When all metallic parts have"* been* 
cleaned, they should be carefully inspected. 
Check the anchor keys (j) for notching and 
wear. They must be replaced if worn or grooved 
0.002 inch. At this tinfe, tighten the anchor key 
bolts to the torque specified for the brake 
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* A, Fltiiil inlol 

B. ExpunUcr lube 

C. Brake frame k 

Figure 1 10, Cross section 

assembly beirig inspected. Then inspect the 
discs for wear and evidence of warping\If the 
warped discs cannot be tapped flat with aWi- 
mer. replace them. Any bronze-coated discs 
that have worn 0.020 inch must also be 
replaced, as thty will not have enough coating 
remaining. Any return springs (A) that show 
damage or signs of rust must be'replaced The 
piston cup seal (D) nee<^ not be replaced unless 
It shows signs of wear, shrinkage, cracking, or 
remolding. &• - 

• 26-14 When reassembling the brake, rigidly 
follow the TO instructions. The mojrt important 
step rs the proper installation of the piston seal 
Take care to stack the discs in pr»>per sequence 
as steel discs must begin and end the stiick. ' 

26-15, Adjust the brakes by turning the 
j-etaming nut (1) to give a specified clearance 
between it and the adjoining steel disc. Two " 
Iteelerlgages ^re used to measure this clearance 
They must be placed directly opposite each 
other at the same time. When the clearance is 
correct, the retaining nut lock screw (H) is 
tightened to the TO torque value. The brake is 
TjV^'^ff according to the procedure given in 
the TO. If the test is successful it is ready f,)r in- 
stallation on the aircraft. 



D. Expander tube shield 
0 .E. Retractor spring 
F. Brake block 

of an expander tube brake. 

27. Expander Tube Brakes 

27-1. The expander tube brake is shown in 
figure 109. This type of brake assembly consists 
of three^main parts: the brake frames, the ex- 
lander tube, and the brake blocks. It is 
manufactured in both single and duplex 
models. The single type has oneiilw of brake 
blocks, while the duplex has two rows. This 
particular brake is also made in the dual duplex 




Figure III. t.xpandcr luhc shield. 
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type. It consists of a duplex brake on both the 
inboard and outboard .ide of the wheel. A 
brake adjuster valve is incorporated in the 
design of some expander tube brakes. There is 
no provision for adjusting the brakes that do 
not have the$c adjusters. 

27-2. Operation. A cross-sectional view of 
the expander tube brake is shown in figure I 10. 
Braking ' takes place >yhen fluid pressure is' 
directed into xhc fluid inlet (^) and into the ex> 
pander tube (B). As the tube is restrained from 
inward and sideward movement by the brake 
frame (C). the tube expands outward. This ft)r- 
ces brake blocks (F) outward against the brake 
drum, causing the friction which stops wheel 
rotation. The brake blocks are prevented from 
turning with the drum by torque lugs on the 
brake frame. 

27-3. When the brake pedal is released, fluid 
pressure is relieved from . the tube. 5emiellip- 
^ tical retractor springs (e) are fitted through 




Figure 112. Stamped hf'ake traitie. 
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Figure 113 Cast brake trame. 




fMgurc 114. McUukI oI rcniovinj; UciU> Irt^ib 
hrakc tViimcs. 

slots in the ends of the brake blocks. When the 
tube depressurizes, the retractor springs /etract 
the blocks. This action causes the expander 
tube to deflate, and the brake returns to it OFF 
position. Expander tube shields (D) are placed 
under the ends of adjoining brake blocks. (An 
example of an expander tube shield is shown in 
fig. III.) They prevent the tube from squeezing 
out between ihe brake blocks, where it could^be 
pinched as the blocks move. 

27-4. On some expander tu6e* brakes, no 
provision U made for adjustment. When new 
brake blocks are installed on the nonad- 
justable-type expander tube brake, a new tube is 
also usually installed. The n^w blocks ai'e then 
turned dowii to provide the correct clearance. 
The clearance is 0.002 inch to 0.015 inch bet- 
ween the blocks and the drums. Because the ex- 
pander tube swells as it ages, it somewhat com- 
pensates for lining wear. Check the thickness of 
the brake blocks whenever the brake clearance 
exceeds 0.075 inch. First determine the 
maximum distance the retractor springs can 
detlect. If the thickness of material worn from 
the blocks is equal to the above distance, 
replace the blocks. 

27^5. Inspection and Maintenance. Brakes 
that have stamped frames (see fig. I 12) may be 
inspected or relined , without removing the 
brake from the landing gear. However, the 
wheel must be removed. Brakes that have cast j 
^torque spiders (frames), as shown in figure 1 I3< 
must be removed from the aircraft before they 
can be inspected or repaired. 

27-6. For inspection, first remove the wheel 
(stamped frames) or the brake assembly (cast 
frames). Then check the entire brake assembly 
for corroded, bi^iken, or^di;^rted parts.* Eath 




refractor spring that is broken or rusted must 
be replaced. Instructions for the removal of the 
springs and brake blocks are given in the brake 
TO. Two or more blocks are to be removed and 
measured forswear. While the tube is exposed, 
examine it for signs of excessive brake heat. If 
the tube cover is burned, charred, or otherwise 
damaged, ccplace it. Test the expander tube for 
leaks by lis|ng compressed air and immersing 
the tube in a tank of water. Do not exceed 75 
psi. Remove dents id the brake frames by 
placing the wooden block against the bulge of 
the dent;then tapj^ing the block with a hammer. 
This method of dent removal is illustrated in 
figure 114. When assembling the brake, be 
careful not to place a thick brake block next to 
a thin one (this creates undersirable strain on 
the expander tubf and retractor springs).. The 
periods specified for brake inspections ahd 
their scope are found in the brake TO. The time 
between major overhauls depends upon the 
type of aircraft operation an'd the location. 

27-7. Brake Adjuster Valves. Brake ad- 
jVstcr valves are installeb on many expander 
tube brake assemblies. They are simply ad- 
justable, two-way telief valves, which always 
trap a small amount of fluid pressure within the 
expander tube. This prevents the brake blocks 
from Returning completely to the retracted 
position. Figure 1 15 shows a cutaway of an ad- 
juster valve used on a duplex expander tube 
brake. 



27-8. As braking pressure is applied, Huid 
enters the inlet port (A) of the brake adjuster 
valve. The entering fluid pressure easily raises 
tht> diaphragm (B) and ^^spring plunger (C) 
against the force of the spring (D). The fluid 
then enters the expander tube* through ports G 
and H. 

27-9. Whi?;n the brakes are released, the ex- 
pander tube is compressed by the retcactor 
springs. The spVings create enough pressure on 
the fluid to force most of it back through the 
expander valve. But, the spring (D) is strong 
enough to trap the last fluid in the tube. By 
retaining a quantity of fluid, the tube remains 
partially inflated. As a result, it holds the brake 

blocks closer to the brake drum, 

J " 

27-10. The adjusting screw (E) is turned to 
increase or decrease spring tension. This in- 
creases or decreases the amount of fluid trap- 
ped in the expander tube. Remember that the 
amount of fluid determines the distance thej 
friction blpcks are from the brake drum. 
Therefore, adjust the br^e clearance by tur- 
ning the adjusting screw (E). 

f 27-!!. Adjusting Expan^ Tube Brakes 
— Using Brake Adjuster Valve, The flrst steg 
m the adjustment is to release the brakes and 
remove the brake adjuster valve cap (F). Then 
turn the brake adjuster screw several turns 
clockwise to tighten the spring (D). This 
position of the^adjustment screw will cause the 
maximum quantity of fluid to remain in the ex- 
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Figure 115. Brake adjuster valve. 
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pander tube.. Now depress the brake pedal 
several times, to fully expand the expander 
tube. If this puts the brake blocks against the 
drum, you are ready to release, the brakes and 
slowly turn the adjusting screw coun- 
terclockwise. This permits the brake blocks to. 
retract away from the drum. Keep checking 
with a feeler gage inserted between the br^ke 
blocks and drum. When the minimum clearance 
spe^cified in the aircraft TO is obtained, stop 
turning the scrfew. Then with the weight of ihe 
aircraft on the wheels, reapply the brakes 
several times. Now recheck the clearance to in- 
sure a uniform minimum clearance. Make 
clearance checks about y) seconds after brakes 
are released to insure complete retraction ,of 
the brake shoes. If the minimum clearanc^'will 
riot hold, you probably have a leaking ad- 
justment valve. In that case it should be 
replaced. ' 

27- 12. To many of you, inforihation con- 
cerning the expander shqe-type brg(ke may have 
been new. This is probably not the case with the 
next type of brake v/t are going to discuss. It is 
used in the coaster brake on bicycles and also 

' on many new cars. 

28. Segmented Rotor Brakes ^ 

28- 1 . The segmented rotor brake operates on 
the multiple disc brake principle. It has rotating 
segments that are squeezed between stationary 
discs. Figure 1 16 illustrates the segmented 
rotor brake assembly. The segmented rotor type 
has a large amount of bra^mg surface witjiin a 
comparatively small diameter, la ijhis it resem- 
bles 4he multiple disc brake. Because they are ' , 
made of thick metal segments linked together, 
we don't have warping of the rotation discs. 
These segmented discs are called rotors. B in 
the figure indicates the rotor links. The 
stationary discs (stators) have lining material 
rii^eted to them and they maintain a constanj off 
clearance. * These are advantages over the 
multiple disc brake. 

28-2. R^fer to figure 116. We see that the 
linked r<^r segments (A) are sandwiched bet- 
ween the stators (I) and arc keyed to rotate with 
the wheel. During brake application, fluid is 
directed to the left-hand side of the piston cups 
{E) and (G). It then .forces the semiannular 
pistons (F and'H) to the right. This caiises the 
sandwiched statol*s (I) and rotors (A) to be 
squeezed between the pressure plate (S) and the 
backing plate (C). The friction produced by this 
squeezing action ^ca«ses rotating segmented 
rotors to slow down. Since they are keyed to the. 
wheel, it also slows^ down. The resistance 
developed is directly prjoportional^lfto the 



amount of pressure of the fluid behind the 
pistons. This, as in other brafkes, the braking ac- 
tion can be 'gentle or severe, depending upon 
-t^e pressure metered to the btake assembly^ IX 
indicates the brake bleeding points. Ca|,louts 7, 
R, Q, P, O, N, M, L, and K arc shown in b<^tter 
detail in figure 1 17, which is a cutaway of tl?e 

rotors and discs. . • . 

» 

28-3. Operation of the Automatic Adjuster 
Mechanism. Figure 117 gives a detailed 
illustration of the automatic adjuster 
mechanism (shown in 4he lower left-b^nd por- 
tion of figure 116). This adjuster is designed to 
maintain a fixed clearance when th; brakf is in 
the unapplied (OFF), positiori. A$ the brake^ 
linings wear, the adjuster autotnatically com- 
pensates for this wear. It maintains a uniform 
clearance and a^constant fluid requireirtent 
per brakre application. These adjuster 
mechanisms are locatedin i[j||vals around the 
brake assembl;^. Earlier iniodfllhad a shim (A) 
installed to lengthen wear lire, but new ad- 
justers eliminated the shiirf. 

'V ^ J 

2.8-4. Figure 1 1 7 sho^^s that the adjuster p^ 
(H)Js inserted through a, hole in the pressure 
plate (J). During br^ke^^^pplication tfiis action . 
occurs. The pistons (K) shove the pressure plate 
(J) and the washer (E) to the right, against 
spring force, until it contacts the sleeve (D). 
This movement eliminates the brake clearance 
.but does not apply hard braking. To apply the 
brakes firmly, the pressure plSte p), pushing 
against the sleeve (D), must force the entire ad- 
justing pin (H) to the right. The friction block 
(1 ) clamps the adjusting pin firmly. So. the 
piston force must be strong enough to slide the 
adjusting pin tight through thc'cl^mp. Thus, 
(each time the brakes are applied, the adjuster 
pin is moved inward a very slight amount. This 
allows the stators and rotors to be firmly com- 
pressed. Fronji this you can see that pin H will 
nbt move far during a single Brake application. 
It will move just far enough to make up for the 
loss of brake lining worn away during the 
preceding application. Thus, the brakes are 
kept adjusted. 

28-5. As pressure is relieved from l^ehind the 
pistons (K), the spring (C) forces the pressure 
•plate (J) back. It moves left until it hits 
shoulder (F) of the adjusting pin. Because of 
the adjusting pin s movement to the right, the 
pressure plate (J) will no longer rest against the 
brake housing>Likewise, the pistons will begin 
to protrude slightly from their cavities to follow 
the pressure plate. Frggi this discussion we see 
that as thy^ linings becom<^ thinner^, the 
movement range of the pressure plate moves to 
the right. But, since Ule distance bet\vee^ the 
sleeve and the sl^u^er does not change, the 
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Figure Automatic adjuster of the segmented rotor brake. 



Baelcing plate 



pressure plate range remains constarft. It always 
backs off the same distance after each ap- 
plication. This^gives'a uniform oj?" clearance. 
♦ 

28-6. As we said, the distance between the 
sleeve (D) and adjuster pin shoulder (F) deter- 
mines the off clearance. This distance is the 
range through which the pressure (j^te (J) 
slides. It is adjusted dtiring brake assembly by 
turning the adjuster pin nut (B). To adjust it, 
first tighten down the nut until the pressure 
plate is X pinched between the sleeve \ and 
shoul^ier (F). This gives us no clearance. Then 
, back off the nut a specified number of itirns to 
give the proper clearance. Once this adjustment 
is made, it should hold during the life of the 
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brake lining. However, if the -adjuster is to 
work, you must exactly torque^ the adjuster 
clamp (I). If the adjuster clamp is un- 
dertorqued, the pin (H) will move too far to the 
right at eacb brake application. The adjuster 
pin will be pulled to the right by the spring (C). 
This will elinfinate the off (running) clearance 
and cause the 'brakes to drag. If the adjuster 
clanip is overtorqued, friction on the adjuster 
pin will be too great. Then hydraulic pressure 
cannot move the pin to the right to compensate 
tor lining wear. This hindrance, will cause 
braking friction to decrease (fading brake) as 
the linings wear, which eventually will result in' 
the complete loss of braking action. The clamp 
holddown assembly (G) pr^ents slippage' of the 
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adjtister pin back to ihe left. It prevents the 
weight of the rotors (L) u^on the pressure plate 
from forcing the adjuster pin to the left when 
the wheel is retracted, which consequently 
would nullifyahc purpose of the automatic ad- 
justers. 

28-7. Lining blocks are riveted to both sides 
, of each staler (with the exception of the 
auxiliary stator, item T, fig. 116). Numerous 
lining blocks (M) are shown in the cross section 
of the brake, figure 1 17. If each of the lining 
blocks wears 1/A6 i|ich,jherc is still much 
useful lining remaii^ing. But, since there are 
^ eight blocks,4he total lining thickness that has 
been worn aw^y is 1/2 (8/16 inch). This means 
that rhe adjuster pin will be 1/2 inth further to 
•the right. The pistons vyill protrude "^l/Z inch 
from their cavities, which is not good. So, 
measure the amount of pin H showing on the 
outside Of the friction clamp. The TO tells you 
how much of the pin must show. When the ad- 
juster pin has moved in the permitted distance, 
it is time to reline the brake. At one time we 
were allowed to remove the compensating shim 
(A) from the backing plate (N) (allowing H to 
be m6ved back) to get some more wear outsof 
the^ning. However, this is no longer p\. 
mitted. 

28- 8. IV^aintcnance of Segmented Rotor- 
Brakes. Complete disassembly, inspection, 
dverhaul. and repair instructions for segmented 
rotor brakes are contained in fhe brake TO. 
When internal inspectipn or maintenance is 
necessary, the brake must be removed from the 
aircraft. This is done in accordance with the 
maintenance instruction TO for the aircraft. A 
table of dimensions and specifications in the 
brake TO gives information on permissible 
wear, cracks, distortions, running clearance, 
and so forth. Remember, brakes are always to 
be returned to service in like-new condition. 

29. Spot Disc-lTypc BraHc^ 

29- 1. Spot disc-type brakes are similar ip ac- 
tion to the multiple disc-type and segmented 
rotor-type brakes. A typical brake of this l^pe is 

. shown in figure 1 18. One or two steel discs are 
generally used. This depends on the type and 
size, of the aircraft on which the brakes are in- 
stalled. These discs, which are keyed or 
fastened to the wheeU rotate with the wheel. 
The brake cylinder housing^ontains one or 
more brake actuating pi3tons. It is securely 
' bolted to the torque plate of the aircraft lan- 

, ding gear. The piston squeezes the rotating steel 
discs between stationary brake linings to 
produce braking action. The force is applied to 

> the flat surface of the steel disc at the spot 
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, where the ai/tuating pistons are located. Spot 
disc-type brakes have from one to four pistons 
and corresponding sjjotsj* The number of 
pistons alsotlepcnds on the type and size of the 
aircraft. * 

29-2. Single disc brakes are of several types. 
They arc classified as single^ disc mechanical, 
single disc boostep, and single disc hydraulic 
brakes. In addition to these wheel brakes, there 
is also a single disc brak»e for helicdptcr rotors. 
The helicopter rotor brake disc is bolted direc* 
lly to the rotor shaft. 

29-3. Dual disc brakes ar^ hydraulically 
operated and are always of the multiple cavity 
(piston) type. However, t^ieir construction is 
essentially the^samc as that of the sing:te disc 
brakes. The jdlual idisc brake has two rotating 
discs and two sets of brake linings. They are 
used on aircraft which require more braking 
friction at lower pressure than is provided by 
the single disc brake. 

29-4. The single disc booster brake is a 
multiple cavity hydraulically operated brake 
which has servo'action. This brake was an ad- 
vancement whert it was first iijitroduced, since 
the sdrvp action provided a relatively high 
braking friction when used with a master cylin- 
der brake system. It, in fact, increased or 
boosted the pressure supplied by the master 
cylinder. Now, however, power braking systems 
can deliver any desired pressure to the brakq 
assemblies. So, sfe^vo brakes no longer offer an 




Figure Triple spot disc brakes. 
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A. Self-ad justing pin 

B. Self-adjusting pin nut (torqut nut) 

C. Self-adjusting pin grip 

D. Fluid port 

E. Internal retaining ring 

F. Threaded retaining ring 

G. Spring guide 

H. Piston 0<ing packing 

Figure 119. Cutiiway ot a single disc brake 
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^rake release spring 

Brake cylinder housing 
Brake lining < 
Rotating hra*kc disc 
BrakA lining 
Backing plate 



advantage. For this reason newer aircraft do 
not need the more complicated and expensrve 
booster (servo) brakes. 

29-5. The single disc, mechanically operale'd 
brake is used only on small airci;aft, such/as 
light liaison types. It consists of a slBgIej:avity 
housing containing conventional brake lining 
"pucks." Braking action takes place when the 
brake pedal is depressed. The force on the 
pedal is transmitted through a rod or cable 
linkage to a lever on the brake assembly. The 
lever forces a pushrod against the outboard 
brake lining. This, in turn, forces tlie rotating 
'disc against the inboard lining. The friction 
developed causes resistance to disc rotation and 
hence resistance to wheel rotation. This 
braking action is primarily the same for eilfier 
. mechanical or hydraulic brakes. 



29-6. An cTutslanding feature of the spot 
disc-type brake is its rapid heat dissipation. As 
you can see by figure 1 18, most the wheel disc 
is exposed to the air during application. 

29-7, Operation of the Automatic Ad- 
Justing IVfecbanism. A schematic cross section 
of a single disc, fitydraulically operated brake is 
shown in figure 119. This brake, like most 
hydraulically operated single and dual disc 
brakes, is self-adjusting. The illustration shows 
a culaxyay of only one piston cavity. However, 
all piston assembli<*s of this type of brake are 
nearly identical. Thejicif)re the explanation of 
figifflfe 1 19 may be apbl^ to all of these assem- 
blies. . ^ 

29-8. Application of the single disc brake 
(Fig. Ilf) occurs when hydraulic fluid under 
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pressure enters Che fluid port (d). This huid for- 
ces the piston (J) to the left, against spring 
pressure, until the spring guide (O) contacts the 
face of the adjusting pin (A). In moving this 
distance, the piston has also force(J oulboard 
brake lining L against the steel disc (M). It, in 
turn, move^^deways oo its keys and contacts 
inboard' drake lining N supported by the 
backing plate (O). Thus, the/ brake running 
clearance is taken up by this first movement of 
the piston. To obtain full braking triction bet- 
ween the rotating disc and the lining "pucks," 
the piston mjjst move further to the left. The 
disc must be firmly pinched between the lining 
"pucks/' However, the spring, guide' (G) is 
already contacting the face of the adjusting pin. 
Therefore the piston must carry the adjusting 
pin slightly to the left to provide this full 
braking action. The adjusting pin is held firmly 
by the friction of the adjusting pin grip (C). 
But, pressure cm the piston provides enough 
force to overcome this friction. This allows the 
piston and pin to move further to the left. If the 
brakes are h«ld in the applied position, the 
lining wears away. The pin continues to move 
inward slowly to compensate tor the small 
amount of lining wear. , ' 

29-9. What happens when brake pressure is 
released? The force of the brake release spring 
(I) against the flange of tne spring guide (G) 
will move the piston to the righ^. This relieves 
the di^c of the pinching action of the brake 
lining "pucks," and the wheel wjll be free^to 
rotate. « 
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29-10.' Every brake application carries the 
adjusting pin a little to the left to compensate 
for lining wear. Each time the^btakes arc> 
released, the* piston backc away from the out 
board lining block: It can move until the back' 
of the piston head contacts the face of the ad- 
justing pin. Thus, the piston alway^ releases to 
give the same running (off) clearance. The scHr 
, adjusting pin grip (C) should pr'cvcnt the pin 
from moving to the right. 



29-11. It is very important that the selt- 
adjucting pin nut (B) be properly torqued. If the 
nut is too loose, there will be insufficient fric- 
tion on the pin. This will permit the adjusting 
pin tp be drawn inward by the spring, thereby 
eliminating the clearance to allow the brake to 
drag. If the nut is too light, friction on the pin ' 
will be too great. In this case, hydraulic 
pressure may noi^beable to move the pin in- 
ward to comp^nsatrTbr>ining wear. This will . 
cause braking friction to decrease as the linings 
wear, and finally^ result in the complete loss ot 
bfSkcs. Torque values for the self-adjusting pin 
nuts are found in the brake TO. The threaded 
retaining ring (F) supports and pos'ition^ the 



spring guide (G). The internal retaining ring 
(E) locks in the threaded retaining ring (F). The 
O-ring (H) prevents oil leakage from the piston. 

29-1 2.M)peration of the self-^adjusting 
mechanism is the same for both the single and 
dual disc brake. The running clearance of the 
dual disc brake is usually greater than that of 
the jingle disc-type. This is because clearance 
must be, provided on both sides of each disc* 
*The housing of the dual disc brake has a larger 
U-slot cutout than the single (Jisc brake. It must 
provide room for rotation of both discs, as is 
shown in figure 120. Dual disc brakes also have 
a center lining carrier placed between the two 
discs. This center carrier (D) has brake linings 
on both sides and is free to move sidewise. 
. though it is prevented from rotating. Thus, as 
the brake is applied, the piston (A) forces the 
outboard lining block (B) against the outboard 
disc (C). The disc, in turn, moves against the 
center lining carrier (D). As piston movement 
cmilinues, the carrier is forced against the in- 
board disc (E), which moves sidewise until it 
contacts, the inboard lining (F). This eliminates 
the brake runnipg clearance. Further movement 
of the piston causes the discs to be firmly 
squeezed between lining surfaces^and by so 
doing applies the brake. 

29-13. IVIainlcnancc of \Spol Disc^ypc 
Brakes, Brake linings are replaced on disc 
Ijrakes \yhcn ijie adjusting pins have moved in- 




A. I*isi«»n I) ( ciHci Irnmg cairicT 

B. Outboiirtl irnrng Mock V.. IiihoiirJ di<,c 
C*. ()ucl>t>.irU J^c V InhuarJ Nining 

l igurc 120. C utaway nl a dual Jtsc hrakv. 
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ward to a spccitled point. The pins move in- 
ward as the linings wear. Thus the length of pin 
exposed shows the thickness of lining material 
remaining. The TO will give the disjance the 
pins must extend to indicate sufficient lining 
thickness. When the pins show the minimum 
extension, replace the^linings. 

29- 14. To properly disassemble, inspect, artd 
repair on< of these brakes, you must remove the 
" heel frpm the axle. Consult the appropriate 
maiii^tenance instruction TO. 

L <flp - 

laintenancc of Brake As^mbiies 

30- 1. A-4iigh percentage of aircraft accidents 
and maintenance problems are caused by wheel • 
and brake failures. Many of these failures jcsult ^ 
from poor maintenance and careless inspection. 
We cannot overemphasize the need for better 
and more conscienpious mechafhics who- know 
the following procedures and facts. 

30-2. Brake a^mblies are manufactured 
from magnesium4/Wuminum, and steel. Almost 
all have magnesium housings that are Wcry 
easily corroded, especially in the pikton 
cavities. The manufacturer surface treats these 
assemblies to provide a corrosion-resistant sur- 
face. However, this surfa^ is easily scratchisd, 
creating a potential corrosion area. TherefoVe, 
all aircraft brake units must be thoroughV 
cleaned and inspected whenever work is donl^ 
on the brake. 

30-3. gleaning and Inspection. Jhoroughty^ 
clean di^iis^cmbled brake parts with a brush or 
spray, using cleaning solvent. Specification 
P_S_661. Remove all btistcrcd, chipped, or 
loose paint. Never use leaded gasoline for 
cleaning because the residual film Ijeads to 
corrosion. After you thoroughly .clean the 
brake parts, visually inspect the^brake housing, 
for cracks, chipped or worn mounting holes, 
stripped threads, and corrosion. Some 
corrosion is usually found in the carrier 
housing and in the piston cavities. 

30-4. Corrosion pits or scores in the piston 
cavity area where the seals or cups contact the 
cavity walls cause leakage. These brakes must 
be returned to the repair depot for recon- 
ditioning. Piston cavities usually' do not 
•corrode heavily except when the brake is in ex- 
tended storage, either on the aircraft or in 
stlpck. , 

^;5. Heavy corrosion is defined as pits that 
exceed\p.025 inch in diameter. Or, it can be 
groups pf three br more pits of any dimension 
in an area of 1/4 square inch. Corrosion pits 
are usually filled with a yellow or grey residue 
in powder form. It calls for good judgement to 



decide to continue (or discontinue) an aircraft 
brake with heavy ^ corrosion in the carrier 
hrt0sing and in the piston cavity area where 
. seals and cups do not contact the cavity walls. 
SMch a decision must b,e weighed against 
operational ' commitments, availability of 
replacements, and location^ and extent of ^ 
corrosion. TheT decision to operate a* corroded 
brake should be made by a qualified inspector 
or a maintenance officer. 

30-6. Repair and Surface Treating Brake 
Assemli^lies. Inspect all steel parts for 
corrosion, which should be removed with a 
wire brush. Then repaint the steel -parts with 
two light coats of zinc . chro^nate primer. 
Specification M1L-P-8585A. Rework 
damaged a^6^s where mmor dents, nicks, burrs, 
or gouges are.^ Remove all sharp edges and in- 
dentations .which might result in a con- 
centration of stjesses; This is done by fi^rst using 
a smooth-cut hand file and {hen using fine 
emery paper. Those assemblies having deep 
.scratches, gouges, or ^cracks ejtceeding 
established limits must be removed Kom ser- 
vice., They will be disposed o'f according to 
existing publications. All metal surfaces will be 
surface treated ..according to corrosion preven- 
tive procedures. 

^ 30-7. Replace all seals, eups, and O-rings 
when you assemble brake assemblies. Take care- 
when you install cup seals to prevent damage to 
the feathered edge. Apply a^ 4ight coat of 
silicone compound. Specification 
MlL-I-8660, to the surface of the piston 
cavity and all seals. This provides additional 
protection against corrosion while the brake 
^issembly is in borage. On spot disc and ex- 
ander tube brake assemblies, co^emn the op- * 
>site half when either half is condemned. 
. \ • 

yto-S. Brake assemblies^ which have been ^ 
J L tb the depots on a timely basis give 
^^""^'^^ '^^j^ results from the added 
surrajce treatment and processing procedures 
provided T3y the depot. The reliability of brakes 
is incltcased when the brake is returned to the 
depot bn time. Tests show*this should be done 
beforeuhe third lining change or th€ third 
piston ^al change. The service life of a brake 
assembly depends entirely on the quality of the 
workmanship. The replacement parts are 
designed to give maximum service lif^. 

30-9. Use of Wheel Brakes and Wheel 
Firefighting Procedures. Respectful treatment 
of aircraft brakes often prevents damage to 
equipment and injury to personnel. All per- 
sonnel must be thoroughly familiar with 
'braking instructions, and they should also keep 
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the wheels and brakes 
servation at ail times. 



under constant ob- 
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3 1 -2. If the brake is applied so hard that the 
wheel locks, the process gets fouled up. A 
locked wheel skids and it will eventually stop 

d«,im.n.al .o%H wheels and tire;.' fi'ei ,V."„V. / ll'.^e'J^'h'.'lT^IfT^'.h^",'',;' ^i"'" 
fm from brake to .hi wheel and ,ire fo, a/ S vou eveT r e7 J °,' '° ''■ 
long ,i„e ar,e, brake appUearion. Peak ..n..M^e^^ ^d ZwT:;'!;",^^^!^?™^ 



30-10. Temperatures in excess of 250** F ar6 



pcratures arc not attained in the wheel and tire 
until 10 to 15 miniues after the stop. Very high 
temperatures are a danger and can cause the 
wheel and^re to explode or burn. Airtraft 
heavily braJced should not be taxied or towed 
until the brakes have properly cooled. Never set 
the parking brakes when the wheels and brakes 
are .irr a heated condition. 

30-11. Aborted takeoffs often require ex- 
cessive brake action. In suc}> a case, fire equip- 
ment should be sent at once if fire is seen or 
not. All other personnel should evacuate the 
immediate area. An overheated wheel and 
brake (with tire inflated) should be approached 
only from the front or rear. Both sides of the 
wheel must be cleared of personnel and equip- 
ment for at least 300 feet. 

30-12'. If no fire shows, the brake should be 
cooled by a straight stream of water to the ex- 
posed portion of the brake. Do this as soon as 
possible after the stop. Do not apply coolant 
directly on the wheel unless the tire is deflated. 
Otherwise, an explosion may /esult. The 
coolant (walfr) should be applied in 3- to 5- 
second bursts, these should be followed by a 
15- to, 30-second waiting period to permit 
dissipation of vapor pockets. Three to five ap- 
plications of the coolant is usually enough. 
Cool ihc wheel in a crosswind or with a 
blower for at least 15 minutes before moving 
the aircraft. 

30- 13. If a fire occurs in a wheel or brake 
and the tire is flat, any agent can be safely used. . 
But, if the tire has not deflated and is on fire, 
the possibility of an explosion exists. The wheel 
should be approached only from the front or 
rear. Water should be applied as a spray or in a 
dispersed pattern in short bursts for this con- 
ditions. Use only enough water to put out the 
fire. 

31« Antiskid System 

31- 1. A feature found in high performance 
aircraft braking^systems is skjid control or an- 
tiskid protection. This is an important system 
because if a wheel goes into a skid, its braking 
value is greatly reduced. The purpose of a 
wheel brake is to bring a rapidly moving air- 
craft ^to a stop during ground roll. It does this 
by changing the energy of movement into heat 
energy through the friction developed in the 
brakes. 



controled, skids all over the road/Aircraft act 
the same way if wheels lock during a roll. So, 
the purpose of the antiskid system is to 
eliminate' the locking of wheels or the begin- 
ning of a lock. This will prevent skidding. 

31-3. The skid control system performs four 
functions: (1) normal skid control, (2) locked 
wheel skid^ control, (3) touchdown protection, 
and (4) fa^il-safe protection. The main com- 
ponents of tfie system consist of two skid con- 
trol generators, a skid control box, two skid 
control valves, a skid control switch, a warning" 
lamp, and an electrical control, harness with a 
connection to the squat swjjt^h. 

31-4. Normal Skid Control, f^ormal skid 
control comes into play when wheel rotation 
* slows down but has not come to a stop. When 
this slowing down happens, the wheel sliding 
action has just begun but has not yet reached a 
fulKscale slide. In this situation the skid control 
valve removes ^ome of the hydraulic pressure to 
the wheel. This permits the wheel to rotate a lit- 
tle faster and stop its sliding. The more intense 
the skid is, the more btaking pressure is 
removed. The skid detection and control of 
each wheel is completely independent of the . 
others. The wheefskid intensity is measured by 
the amount of wheel slow-down. 

31-5. Skid control generator. The skid con- 
trol genelrator is the unit that measures the 
wheel rotational speed. It also^ senses any 
changes in the speed. (See fig. I 2 1 .) It is a small 
electrical generator (B), one for each wheel, 
mounted ih the wheel axle. The generators ar- 
mature is;coupled to, and driven by,\he main 
wheel through the drive cap (C) in the wheel. 
As it I'otates, the generator develops a voltage 
and current signal. This strength of the signal 
indicates the wheel rotational speed. This 
signal is fed to the skid control box through the 
harness (A). " 

31-6. Ski^ control box. The box reads the 
signal from the generator and senses changes in^ 
signal strength. It can interpret these as 
developing skids, locked wheels, brake ap- 
plications, and brake releases. It analyses all it 
reads, then sends appropriate signals to 
solenoids in the skid control valves 
J 

31-7. Skid control valves. The two skid con- 
trol valves (fig. 122) mounted on the brake 



105 



ERLC 



205 



A. hlcctncal harness 

B. Gcncrsitor 
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C. DriVc cap 

D. Squai switch 




Figure l^t. Skid contntl generator. 
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% control valve are solenoid operated. (Some skid 
control valves use a motorized valve.) Elec- 
tric signals from the skid control box actuate 
the solenoids. If there is no signal (because 
there is no wheel skidding), the skid control 

• valve will have no effect on brake operation 
But, if a skici develops, either slight or serious, 
a signal is sent to the skid control valve 
solenoid. This solenoids' action lowers the 

- metered pressure in 'the line between the 
metering valve and the brake cylinders. If does 
so by dumping fluid into the reservoir return 
line whenever the solenoid is energized. 
Naturally, this immediately relaxes the brake 
applicatipn. The pressure flow into the brake 
lines from the metering valves continues as long 
as the pilot depresses the brake pedals. But, the 
flow and pressure is rerouted to the reservoir 
instead of to the wheel brakes. 

31-8. Figure 122 shows the utility system 
pressure entering the brake control* valve. 
There it is metered to the wheel brakes in 
proportion to the force applied on the pilot's 
foot pedal. However, before it can go to the 
brakes, it must pass through a skid control 
valve. There, if the solenoid is actuated, a port 
is opened in the line between the brake control 
valve and the brake. This port vents the brake 
application pressure to the utility system return 
line. This reduces the brake application, and 
the wheel rotates faster again. The system is 
designed to apply enough force to opcr^e just 
below the skid point. This gives the 
fective braking. 



31-9 The pilot can turn off the operation of 
the anti-skid system by a switch in the cockpit. 
A warning lamp lights when the system is tur- 
ned off or if there is a system failure. 

31-10. Locked Wheel Skid Control, The 
locked wheel skid control causes the brake to 
be fully released when its wheel locks. A locked 
wheel easily occurs on a patch of ice due to 
lack of tire friction with the surface. It will oc- 



cur if the normal skid control does not prevent 
the wheel from reaching a full skid. To relieve ^ 
locked wheel skid, the pressure is bled off 
longer than in normal skid function. This is to 
give the wheel time to regain speed. The locked 
wheel skid control is out of action dtiring air- 
craft speeds of less than 15-.20.mph. 

31-11 .Touchdown Protection. The touch- 
down protection circuit prevents the brakes 
from being applied during the landing ap- 
, proach even if the brake pedals are depressed. 
This prevents the wheels from being locked 
when the contact the runway. The wheels have a 
chance to begin rotating before they carry the 
full weight of the aircraft. Two conditions must 
exist before the skid control valves permit 
brake application. Without them the skid con- 
trol box will not send jhe proper signal to the 
valve solenoids. The first is that the squat 
switch (D, fig. 121) m\ist signal that the weight 
of the aircraft is on the wheels. The second is 
that the wheel generators sense a wheel speed of 
over 15-20 mph. ' 

31-12. Fail-Safe Protection, The fail-safe 
protection circuit monitors operation of the 
skid control system. It automatically returns the 
brake system to full manual in case of system 
failure. It also turns on a warning light. 

^ 31-13. We have discussed the antiskid 
system used on several modern aircraft. Other 
aircraft use, systems tliat are very similar in 
design and function, but their components 
operate differently. However, the components 
do the same jobs as we describedr] 

31-^4. 'You have now finished Volume 2. Wc 
hope that you have incrcase4;jK5ur knowledge 
of hydraulic principles and components. We 
wish you success in your chapter review exer- 
cise and especially in your volume review exer- 
cise. In Volume ^ you will take the principles 
and components you have already mastered and 
tie them together into systems. 
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STUDY REFERENCE GUIDE 



1 . £/se thh Guide as a Study Aid. It emphasizes all important study areas of this volume. 



- 2. Use the Guide as you complete the^olume Review Exercise and for Review after Feedbackon the Results. 

. After each item number on yoyr VRE\is a three digit number in parenthesis, that number corresponds to the 
Guide Number in this Study ReferenceV^uide which shows you where the answer to that VRBitem can be 
found in the text. When answering the items in your VRE, refer to the areas in the text ir^ted by these 
Guide Numbers. The VRE results wiU be sent to you on a postcard which will list the actual VRE items you 
missed Go to your VRE booklet^and locate the (Suide Number for each item missed^ these Guide Numbers. 
Then go back to your textbook and carefully review the ^eas covered by these gW Numbers. Review the 
entire VRE again-bcfore you t|ke the closed-book Course Examination. 

\l ^ 
2jUse the Guide for Follow-hp after you complete the Course Examination The CE results will be sent to you 
of a posVard, which wiU indicate "Satisfactory" or "Unsatisfactory" completion. The card wiU list Guide 
Ifumbers relating to the question|jhiissed. Locate the numbers in the Guide and dravi^a line under the Guide 
jfhimber, topic, and reference. Review these areas to insure your iriastery of the course. 



Guide 
^Number 



Guide Numbers 200 through 228 



Guide 
Number 



iOO Pneudraulic Terms; Basic Hydraulic Principles; 211 Accumulators; pages 38-42 



Flow of Liquids; pages 1-3 

201 Hydraulic Terms and Laws; pages 3-4 

202 Relationship of Terms; pages 4—7 

203 Mechanical Advantage (MA)| pages 7-9 

204 Mechanical Advantage (MA); and Hydraulic 
Jacks; pages 9-10 

205 Basic Hydraulic System Construction and 
Operation; pages 1 0—1 4 

206 Pneudraulic System Supply Units; Hydraulic 
Fluid Reservoirs; pages 16—22 

20^7 Filters and Quick Disconnects; pages 22-23 

208 Hydraulic Pumps; pages 24— 3 J - 

209 Hydraulic Motors ; pages 3 1 -33 

210 Pressure-Regulating, Limiting knd Controlling 
Devices; Hydraulic Pressure Switches and Reg- 
ulators; pages 34—38 



212 Relief, Purge, and Pressure Reducing Valves; 
pagffi^ 42-47 . 

A 

213 Flow Control and Directionai Units; Selector 
Vahres; pages 48—53 

214 Flow Control Valves. Check Valves- 
Hydraulic Flow Regulators; pages 53-57 

215 Flow Control Valves: Fl6w Equaizers- 
-Mai^nance of Control Valves; pages 57-^60 




216 Hydlaulic Actuators; pages 60-64 



217 Landing Gear Cogiponents; Shock Struts^ 
Air-Oil Shock Strut Construction and Opera- 

' tion-General Servicing Instructions, for Air- 
Oil Shock Struts; pages 65-68 

218 Shock Struts; General Maintenance Instruc- 
tions for Air-Oil Shock Struts-Liquid Spring 
Shock Struts; pages 68-72 

219 Shimmy Dampers; pages 72-77 

220 Steering Damper Units; pages 77-80 
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Guide 
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221 Brake System Components; Introduction to 
Brake Systems; Independent Systems; pages 

^8; -86 

222 Integral Brake'Sy^tems; pages 86-91 

223 Deboosters; pages 91-93 

224 Brake Assemblies-Multiple Disc ; pages 93 -9 5 



Guide 
Number 



225 ^pander Tube Brakes; pages 95-99 

226 Segmented Rotor Brakes j pages 99-101 

227 Spot 6isc-Type Brakes; pages 101-104 



228 Maintenance of Brake Assemblies; Antiskid 
System; pages 104-107 
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"il CHAPTER REVIEW EXERCISES 

CHAPTER 1 

' S'l""' """"'"'^^ understanding of pneumatic! principles and arrangement of basic 

1. Explain the difference between a liquid and gas. (1-1) 



2. Why are liquids a suitable medium for transmitting force' (1-2 4) 



3. Why is pressure transfer in a hydraulic S3'stem instantaneous? (1-2) 

4. Why is it necessary to ha^an air space in hydraulic reservoirs' (1-3) 

\ 

5. Explain why"S?e viscosity of a- liquid is critical in a hydraulic 



system. (2-3) 



6. Explain the term "critical velocity." (2-4) 



7. What are the two types of fluid flow? (2-4) 



8. Wh>^1?vthere a decrease of pressure at the narrowest part of a venturi? (2-7-9)^ 



9. What is the^fference between force and pres^re, as applied to hydraulics? (3^. 5) 
10. State Pascal's law. (3-11) 



. Under what condition does Pascal's law not apply? (3-11) 



12. What is the pressuje-^jn^aplwface 12 square inches in* area that is supporting a weight of 216 
poun(b? (4-2r-4> V^^^ ^ \ ' 

13. How far must an 8 squard^inch piston move to displace 120 cubic inches pf fluid? (4-5) 



V .. .. . 

14. Deflne mechanical advantage. (5*1) 



In, the system shown in figure 12, the small Boston moves five times as far as the large- piston; the 
area of the large pistoh is 12 inches, and the fluid pressure is 60 psi. Complete the following chart. 
^-5; Fig. It) \ 

' , \i ' * ■ 

Small Piston Large Piston 



Force = 



Pressure = 



Area = ^' ^ ^ 



Mech. ATjvantage =^ ^ 



16. If a: force of ^5 pounds is applied, what is the mechanical advantage needed to achieve a force of 



41^ 600 pounds? (6-2-4) 

i 

17. WJiat do the t^rms "up Hoes" and "down lines" in a hydraulic system refer to? (7-2) 



18. When the relief V^ve opens, what is the effect on the power pump, as compared to the effect on 
the pump when the pressure regulator opens? (7-5j9-12) 



19. Referring, to figure .17. what wUl be the "kick^ut"^ pressure if the spring tension is changed to 900 
pounds? (7-9. 10; Fig. 17) 



20. When the presJure regulator is "kicked out." is it open or closed? (7-7. 15) 
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21. When the powSx pump is idling, is check valve K in figure 19 open or closed? (7-11; Fig. 19) 



22. What would be the probable cause of excessive operating pressure in the system shown inli figure 19'^ 
(7-12; Fig.. 19) ^ * ^ ^ . J ] 



23. What hydraulic unit acts as a shock absorber for sudden hydraulic pressure surges? (7-15) 



24. How does the accumulator prevent the pressure regulator from operating excessively? (7-16-18) 



25. What is tlie function of check valve M in figure 19? (7-25; Fig. 19) 



26. What unit insures a positive fluid supply for the hand pump? (7-26) 



27. Why is it necessary to synchronize action in hydraulic systems? (7-27) 



CHAPTER 2 



Objectives: To demonstrate a working knowledge of the construction and operation of hydraulic fluid reseK 
voirs, filters, hand and common types of power pumps. 

1. What level of maintenance is, the everyday \rvicing and upkeep of aircraft hydraulic systems'^ 
(Intro.-2) 



2. What is the function of* the hydraulic reservoir? (8-1) 



3. If the reservoir filter element becomes clogged, how does it affect system operatiofi? (8-4) 



4. What three features are included on the reservoir to insure that a clean and adequate supply olf 
draulic fluid is available? (8-4) ' f 7 

r * 
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S. Whjf is there a standpipe in a hydraulic reservoir? (8*S) 



4 ' 



6. What are the functions of the accumulator installed in a hydraulic system? (8-9) 



7. Explain the purpose of the initial' air charge of an accumulator. (8-9) 



* 8, How .do you determine when the reservoir of a piston-pressurized reservoir system needs^ servicing? 

(8-11) : ' 



9, Whajt c^ii^nent will drain or bleed the piston-pressurized reservoir? (8-17) 



10. Wh)| do we pressurize a hydraulic reservoir? (8-18) 

• r ^ ^ ^ ■ : 



U. How does the suction boost p^mp pressurize the hydraulicx reservoir? (8-21) 



12^ Wlijlfe cait the mechanic find the instructions for servicing, a hydraulic system reservoir? (8-25) • \ 



13. B^fbre you start to remove a reservoir, what is one of the first things* you should do? (8-26) 

14. W^t is the deadliest enemy of any hydraulic- system? (9-1) 



15. What is the most common type of hydraulic filter elmient? (9-2,3) 
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16. Wjpris a (relief valve installed in a line filter? (9-3) 



'■'Mi 
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17. Wl^Would happen if an in-line filter restrict or finger strainer becomes clogged? (9^) 




21 



\ 




18. What should be done when you find a clogged filter assembly? (9^) 

19. What is the purpose of a line-disconnect valve? (9-7) 

20. The poppet in a line-disconnect is malfunctioning. What should the mechanic do? (9-11) 

21. Why are hand pumps used in a hydraulic systems in addition to the pov^er pumps? (10-2) 

22. On what stroke does the double-acting, piston-displacement-type hand pump produce pressure? (10-3) 
htd pump^ (1~ ^'"^ ''''' P^"^"^^ °f the pistonHhsplacement-type, 



oer'Tol nZr"'' ' "°Tl 7'"'"^ °^ ^^at pressures would you 

perform proof pressure and leakage checks? (10-8, 9) . 



25. What is the most common of main system hydraulic pumps in use today? (10-11) 

26. What determines the volume output of a constant-volume piston-type pump? (10-14) 

27. What is case pressure in a piston-type pump? How is it used? (10-18) 

28. What is the function of a foot valve in power pumps? (10-18, 32) 



29. List the advantages of a variable-volume over a constant-volume pump. (10-21) 

{. 

30. In the zero flow condition of the Stratopower pump, is there anylluid intake? (10-26) 



31, What must be done to a Stratopower pump in order to change its direction of rotation? (10-27) 



32. In the Vickers variable-volume pump, how is the volume output of the pump reduced to zero flow 
when the maximum pressure setting of the system is reached? (10-29-33) 



33. How is th.e rpm of the variable-displacement hydraulic motor controlled? (11-2) 



34. What is the function of the back pressure valve used in the variable-displacement hydraulic motor? 
(11-6) ' . I 



CHAPTER 3 > - 

Objectives: To show a working knowledge of the type^ of sv«tches, pressure regulators, relief valves, purge 
valves, accumulators, and pressure-reducing valves used to regulate the pressure of fluid output of hydrau- 
lic pumps. V ^ 

I. If the electric driven hydraulic pump shuts o/jf before the desired system pressure is reached, what is 
a {frobable cause? (12-1) 



2. List the three main types of pressure switches in use today. (12-1') 

\ 

3. Why does the Bour&on tube try to strjighten when pressure is introduced? (12-2) 

4. How is burning of the contact points reduced on the pressure switch? (12-7) 



5. What are the purposes of pressure regulators? (12-9) 

6. Must an accumulator be used in a system having a constant-volume pump? Why? (12-9) 

i 

7. When the hydraulic main pump is haded, in what status is the regulator? (12-10) 
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8. What controls the check valve in a pressure regulator? (I2-U, 12) 

■ t 

9. What are the two types of pressure regulators? (12-15) 

10. What symptom predicts a leaking pressure regulator check valve? A leaking bypass valve. (12-21-23) 

11. Can the kick^ pressure of the regulator be changed? How? (12-22) 



k 

12. What is the most obvious difference between the diaphragm and bladder types of accumulators? 
(13-3, 6) o 



13. What is meant by air preload pressure of an accumulator? (134, 5) ^ 

\ 

14. WhaMnsures that there is adequate cylinder wall and piston lubrication in a piston-type accumulator? 

15. The self-displacing type accumulator is used primarily^ on what aircraft? Why? (13-8) 

16. Before you start to xlisassemble any accumulator, what must be done? (13-14) 



17. Leakage and proof pressure tests of bladder and diaphragm accumulators require the use of test stand 
with what capabihties? (13-16) 



18. Fojlowing overhaul of accumulators, you must perform certain checks. What check do you do on a 
piston type accumulator that you don't do on a diaphragm type? (13-19) 



19. Why doesn't the system relief valve unload the power pump? (14-2) 
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20. What is the difference in construction between a system relief valve and a thermal relief valve? ^"^^^ 
(14-3, 4) 



21. To increase the pressure setting at which a relief valve relieves, you normally turn the adjusting 
screw in which direction? (14-5, 17) 



22. Briefly explain what is meant by the cracking pressure of a relief valve, (14-1 1) 



23. Approximately to what percent above cracking pressure is full flow pressure? (14-11) 



24. Why do we have purge valves?t^(14-19, 21) 



CHAPTER 4 

Objectives: To show a knowledge of selector valves, orifices, check valves, snubbers, sequence and shuttle 
valves, hydraulic flow regulators, equalizers, fuses, and actuators. 

1. For what purpose are selector valves in a hydraulic system? (15-1) 



2. How are closed-center-type selector valves usually installed in a system? (15-2) 



3. The actuator cylinder has one pressure line and a spring to return it to neutral. What type of 
selector valve would you expect to find in use with this type of actuator? (15-4) 



4. When the four-way selector valve is in the neutral position, what happens to relieve thermal pressure 
in the alienating lines? (15-7) 



H , 

5. In the radial selector valves, what are the maximum number of ports that can be open at any one 
time and the maximum number of ports that can be closed at any one time? (15-10, \1) 



6. Referring to a poppet-type radial selector valve, what happens if you adjust the screws too far 
clockwise? (15-12) 
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7. What arc the advantages in using compound selector valves? (15-13) 



8. Why would a slide-type selector valve be used in a boost system in preference to a popoet-tyDe 
valve? (15-14) f 



9. Why is a variable-restrictor control valve used In an open-center boost system in preference to a 
rotor-type, open-center selector valve? (15-21) 

\ 

10. In a system using the variable-restrictor control valve for flight controls operation, what determines 
the travel of the flight controls? (15-24) 



11. What are the advantages of electrically operated selector valves? (15-25) >^ 

12, What is the difference in the operation of a check valve and an orifice? (16-2, 3) ^ 



13, A variable orifice valve used in a hydraulic system is frequently referred to as what type valve'> 
(16^) ^ 



14, Why would an orifice check valve be used in a landing gear system? (16-8) 

15, What is the last step when installing a snubber in a pressure gage line? (16-11) 

16, What is the purpose of a shuttle valve? (16-12) 

17, What unit insures a constant rate of flow to an actuator regardless of its load? (16-15) 
» 18. How are hydraulic flow regulators rated? (16-19) 

19. What unit can divide one stream of fluid into two equal streams? (16-20) 

11 
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20. Why do we need a fuse in a hydraulic system? (16-28) 

21. What detennines the quantity of fluid that can flow through a hydraulic fuse? (16-31) 

1^ 



How long will it take for^ hydraulic fuse to "fuse" aft^r a leak develops? (16-34) 

i 



/ ^ V 

23. What very unportant procedure must you observe when you reassemble control valvesVsing two or 
more identical parts? (16-35^ t 

24. What is the purpose of a hydraulic actuator? (17-1) * 

25. What force moves a double-acting actuator to its opposite extreme of travel? (17-2) 

26. What type of a hydraulic actuator provides more force in one direction than in the other? (17-5) 

27. What is the function of an internal snubber-type actuator? (17-9) 

28. How do we unlock the internal lock-type actuator? (17-17) ' ^ 



CHAPTER 5 



i 



Objectives: To demt)nstrate a knowledge of landing gear components sucE as air-oil shock struts, liquid 
spring shock struts, shimmy dampers, and steering damper units. 

1. What is the most common type of shock strut in use today? (18-1) 



2. Explain how rotation of the piston within its cylinder on shock struts is prevented. (18-2) 

• ■ r 

3. On what does the proper shock absorbing operation of an air-oil shock strut depend? (IS-*) 
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4. What unit ift some air-oU shock stniVs automatically contiols the area of the orifice at all points in 
the stroke of the strut? (18-7) 



5. At which point in its stroke must an air-oU shock stfut be when it is serviced with fluid? (18-9) 



6. If you loosen the valve body of the highiJressure air valve on a shock^strut before the pressure has 
been removed, what can happen? (18-.13) 



7. Explain the difference between hard and soft strut servicing. (18-15-17) 



8. What is the main advantage of a soft strut over a hard strut? (18-17) 



9. Why should you rock the aircraft wings while servicing the air-oil type shock strut? (18-18) 



10. What defects other than faulty hydraulic seals would cause a shock strut to leak*^ (18-^1) 

\ . ■ " •* 

11. Shock strut parts are cleaned by dipping in a solution. How is this solution removed from the parts'^ 
(18-25) ^ 



12. What paint is used for corrosion treatment of the external surfaces of repaired shock struts? (18-29) 

13. What is MIL-H-6083A fluid used for? (18-31) 

14. Explain the operation of the liquid spring strut. (18-35-37) y 

15. What type of hydraulic fluid is used in a liquid spring strut? (18-39) 

16. At what point in its stroke must a liquid spring strut be when servicing with liquid? (18*^2) 

13 
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17. What is the function of a shimmy damper? (19-1, 2) 



18. Deflne the characteristic of a shimmy damper that causes little resistance to slow movement while 
steering but offers a great resistance to violent motions due to shimmy. (19-3, 11, 14) 



19. What is used to replenish the hydraulic fluid in the vane-type shimmy damper and why? (19-6) 



20, What might prevent a nose wheel equipped with a vane-type shimmy damper from tracking proper- 
- ly?(l9-6) 



21. What could be wrong internally if a vane-type nose wheel shimmy damper did not prevent shimmy? 
(19-6) 



22. What could happen if you install an orifice instead of an orifice-check valve in a^ balanced-piston-type 
shimmy damper? (19-11) 



23. What characteristic "of a balanced-piston-type shimmy damper would make it desirable for -use as a 
steering unit? (19-11) ^ 



24. How do co*rotating wheels tend to prevent nose wheel shimmy? (19-16) 

25. What is the disadvantage of co-rotating nose wheels? (19-17) 



,26. What is the reason for the self centering device on a nose^gear? (20-2) 



27. Where does the vane-type steering damper unit get its hydraulic pressure to operate nose wheel 
steering? (20-12) 
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CHAPTER 6 

Objectives; To be able to identify and show a working knowledge of the three main types of brake systems 
used on aU aircraft: the independent, integral, and slave brake systems, and of deboosters and antiskid 
controls. 

1. In an independent brake system^ what unit changes the pilot's force to hydraulic pressure? (21-2) 



2. If main system pressure were lost in a system using a brake boost cylinder, would the pilot»be able 
to apply any braking action? (21-3) 

> " 

3. What are two advantages of a slave brake system? (21-5) 



4. In addition to the normal pressure produced in a braking system, what else will cause pressures to 
build up? (21-6) 

5. What provides pressure in an independent brake system? (22-1) 



6. What is done to unlockahc-parking action of the independent brake system? (22-4, 9) 

ft 

7. Briefly explain the operation of a master cylinder operated pneumatic brake system. (22-11) 

8. What are some ways by which air may enter a brake line? (22-14) 

9. Explain the two methods used to bleed an independent brake system. (22-16-18) 

10. If you find a bjrake that has more than one bleeder valve, how do you bleed this brake? (22-19) 

11. Why do we have 'load feel" in a brake system? (23-2) 
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^2. In a PBCV opifcnted system, what controls the aotual amount of braking action? (23-10) ^ 
13. On a power brake control valve, what is the purpose offeihe high-pressure adjustment? (23-1 S) 



14. What are some of the advantages of a slave brake system? (23-22) 



IS. What should always be done before taxiing an aircraft? (24-1) 



16. What do you use to perform the proof pressure and external leakage check on a reassembled brake 
valve? (24-5) 

17. How does a debooster insure rapid application of the brakes? (2S-1) 



18. With an automatic replenishing debooster, what unit or units provide for replenishing the fluid content? 
(25-7) 

' f 

19. If a debooster is not replenished automatically, what provision is made for manual replenishing? (25-8) 

^ / 



20. What factors determine the amount of kinetic energy contained in a moving object? (26-2) 

21. What is the main disadvantage of the multiple disc-type brake? (26-10) 

22. How is the running (ofO clearance of a multipde disc brake measured? (26-15) 

23. What type of brake assehibly may be relined while on the aircraft? (27-5) 



24. What would be the effect if the diaphragm seat of the expander tube brake adjuster valve were held 
open because of a dirty seat? (27-8, 9) ' 
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25. To what are the linings used in the segmented rotor brake attached? (28-1) 

26. How wiU the amount of wear authorized by the TO on segm^ted rotor brakes be determined? (28-7) 

27. What is an advantage of the spot disc-type brake over the nMiltipie disc brake? (29-6) 

28. What is the effect of overtorquing the adjusting nut (B) of figure 119? (29-1 1; Fig. 119) 

29. Wlien is the running clearance of single and dual disc brakes adjusted? (29-13) 



30. In the repair and surface treatm|nt of brake assemblies, why smooth out sharp edges and indenta- 
tions: How? (30-6) ' 



31. Ifatake-off is aborted, what should be done? (30-11) 



32. Why should you never direct a stream of cold water directly on the tires of an aircraft that has 
undergone extreme braking? (30-12) 



33. What are the functions of a skid control system? (31-3) 
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\ ANSWERS FOR CHAPTER REVIEW EXERCISES 

% ' ' ■ ■ 

CHAPTER 1 ^ 



^<!^^^ k iiqui^ JIqws but wUI ^ot* expand ■indefinitely to fill a container; wliile a gas, which also flows^ 
expandsj to fill the container. A liquid h9S a jdefinite and level top surface. 

2. They ar^ praqtically incompressible a^kd will transmit the same amount of pressure equally in all 
direction^. r 

•3. Because, Ifor all practi^l purposes, hydraulic fluid is incomfJressible. " 



4. Because jfl|uidsyexpand, they could cause enough pressure to burst a reservoir. 

5. Viscosity Is the characteristic of a liquid that malces it resist flowing. The higher the viscosity, the 
higher the resistance. ^ 

*6. Critical velocity is the speed of the liquid flow where the entire tube cross section becomes turbulent 
^d the total flow velocity drops. These conditions will icause the total flow quantity to drop. 

' ■ " \ ' 

7. Laminar anld turbulent. 

* 

8. The narrowl section of the venturi causes the velocity of the fluid to increase which, in turn, causes 
the pressure! to decrease. 

9. Force is a push or pull exerted on an object, measured in pounds. Pressure is the amount of force 
per unit of area. . 

10. When force is exerted on a confined fluid, the pressure is transmitted equally and undinfinished in 
all directions/ 

/ ■ 

11. When the fluid is jun motion. 

12. P equals F/A, or 216 pounds divided by 12 square inches equals 18 psi. 

13. 15 inches. ' 

14. The amount by which the input effort is multiplied in the output device. 



15. F = 144 IBT ^ F = 720 lbs 

P = 60 psi P = 60 psi<7 

A =i 2 2/5 sq in . ' ^ A = 12 sq in 
MA = 5 to 1 



. 16. 24 to 1. 



17. Those alternating lines between the selector valve and actuating cylinder which supply pressure to 
move the mechanism up or down. ^ 

18. When the relief valve ope'ns, the pump still carries the maximum load. Using a pressure regulator, the 
pump load is relieviMl. ' 

19. Greater than 1200 psi. 

18 
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20. Open, with fluid returning to the reseivoir. ^ 
• 21, Closed. 

22. Pressure regulator failure. >^ 

23. The accumulator, 

24. By preventing rapid pressure drop in the system due to minor leakage, 

25. To prevent charging the accumulator when using the hand pump, 

26. The reservoir standpipe that supplies the {^er pump and reserves the fluid below its top for the' 
hand pump. ^ ^ r 

/ 

27. Most systems h/ve actuators connected in parallel; therefore, without synchrt^nizatibn the unit requir- 
ing the lowest pressure Would operate first, and might move to the end of its travel before the next 
uiut began to move. In some systems we must have a set sequence of operation. 



CHAPTER 2 

1. Organizational^ j,, * 

2. It is the storehouse that contains enough fluid to supply the normal operating needs of the s)(Stem. 

3. Sy^em operation is not affected, because the unfiltered fluid is bypassed through a reKef valve. 

4. a. A visual quantity indicator. 

b. A screen on the filler line. 

c. A filter on the^turn port of the jeservoir. 

5. To keep the main system pump from pumping the reservoir completely dry if a leak develops. TJiere 
should be enough left in the reservoir for ejnergency operations. 

6. The accumulator dampens pressure surges, aids the power pump at peak loads, and prevents rapid 
cycling of the pressure regulator. 

7. The initi^ air charge provides a cushioning effect, keeps the pressure regulator from cycling due to minor 
fluid leak&ge, and peimits the storage of a volume of fluid, under pressure, in the accumulator ' 

8. The mdicator pin position tells the level of fluid in the -reservoir. When its end is flush with the 
, housing, the systpm needs fluid. ' . . 

9. The relief valve ^hat opens into the overboard vent line. 

10. Cavitation of the main system pump could develop, and starvation of the hydraulic system would 
result. Pressurization also aids in controlling foaming of the hydraulic fluid. 

U. No. Instead, it supplies a large volume of liquid under lower pressure to the main pump. This pre- 
vents main pump cavitation. 
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12. Special ^||fti:ictions are normally located on a data plate at||ched to the reservoir. Additional or 
more cd|}||||ete instructions can be^ found in the applicable technical order. 

13. The pre$|i|tel should be completely reipoved from the system. This should be double checked before 
any lines )|rei disconnected. . ^ 

14. Dirty fluitf^ * 

15. Micronic. . 

16. If the fQter element should become clogged, the relief valve will open and allow fluid to bvpass the 
clogged element: / 

17. Since there is no relief or bypass valve used with these, the subsystem in which, they d/e located 
would become -inoperative. 

18. You should cle^n or replace the clogged filter element. After this, the fluid and the system should 
be inspected for possible contamination and, if need be, flushed. 

' ■ ' A 

19. Line disconnects . aUow quick removal and installation of a unit without loss pf fluid. ^ 

20. The mechanic should remove and replace the complete assembly. No^{ernal repairs are authorized. 

21. Hand pumps are used to operate the system for ground test and for emergency operation of units. 
22.. It produces pres)sure on both strokes. 

23. The outlet check valvp insures ejection of fluid on at least one, stroke in case one of the other 
pump check vafve^^ fs^ils. « 

-\ ' 

24. Proof pressure is times operating pressure; in this ease it would be 1125 psi. The leakage check 
pressure is the noniud operating pressures; in this case it would be 750 psi. 

25. A piston ty[^. , 

26. The angle between the drive shaft and the cylinder btock. The higher the angle, the more the volume. 

27. Case pressure results from internal seepage into the gear housing. This provides cooling and lubrication 
for the pump. 

28. A foot valve in a power pump relieves excess case pressure back to the return port. 

. ' / . 

29. a. It does not need a pressure regulator or unloading valve. 

b. It provides a more constant pressure. 

c. The accumulator can function }^ assist the pump during peak periods, and the pressure is not' 
subject to as many fluctuatioij 

30. Fluid is drawn into the pump fo^ cooling and lubrication and is then circulated through the out 
port. 

3d. Nothing. Changes are unnecessary. 

32. Zero flow is obtained by the cylinder block and piston assembly being moved to a zero angle in 
relation to the drive shaft. ' 
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33. By a very sensitive, flyweightopcrated governor. ^ a ^ 



34. It keeps a pressure on the backside of the low7r^pistons. This tfolds them against the wobbler plate 
and thereby prevents them from chattering. * * f 



CHAPTER 3 

1. An improperly adjusted pressure switch. 

2. Bourdon, piston, and diaphragm. 

A 

3. Tlie area upon which the pressure can act outward is greater than the area upon which the pressure 
can act inward. 

4. The overcentering spring causes the toggle plate to open and close points rapidly. 

5. To unload the engine-driven pump and regulate system pressure between two limits. 

6. Yes. To prevent continual cycling of the pressure regulator. 

7. The regulator is kicked in. * 

8. The bypass valve. 

9. Balanced and selective. , . . » 

10. A leaking check vaWe causes an early kick-in, and a leaking bypass valve causes a late kick-out. 

11. Yes. by turning an adjustment screw while the regulator is on the aircraft. 

12. The diaphragm consists of two hollow half ball sections joined at the center while the bladder type 
IS one piece with an opening for inserting the bladder. 

13. This is the air pressure that is charged into the accumulator while the accumulator is completely 
empty of any hydraulic fluid. 

14. There is a drilled passage from the rtuid side of the accumulator to the space lAween the two seals 
of the piston. 7 *• ^-^ 

15. It is used primarily on combat aircraft. These aircraft are highly maneuverable/and operate at high 
speeds and demand immediate response to the controls. This type of accumulator will provide them 
with this response. \\ 

16. You should always make certain" that all pressures have been relieved, both L1i^\Ak and air. 

17. A stand that can provide a controlled hydraulic pressure of up to 5000 psi/and an air pressure of 
at least 1000 psi. / 

r 

18. Friction test the 'piston type accumulator to determine the actual tiressure required to move the 
piston. 
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19. the pump must still deliver fluid against maximum system pressure to hold the relief valve open. 

20. The thermal relief valve is smaller. 

21. In a clockwise directionr 

22. The cracking pressure of a relief valve is the pressure at which ball is slightly unseated, allowing 
a few drops of fluid to be relieved. 

23. 10 percent. 

24. .These valvis release air that may be in the pressxire lines. They also act as unloading valves for 
electric and turbine-driven emergency pumps so they will not have to start under a load that might 
cause a burn-out. 



1 . To control the directional movement of various mechanisms. 

2. They are placed in parallel between the pressure and return manifolds. 

3. A three-way selector vaWe. ^ 

4. The excessive pressure trapped in the lines will lift the upper poppet valve and relieve into the 
system pressure manifold. 

5. You can have two poppets open at any one time; by rotating the handle 45^ more, you can close J 
all four of the ports. . 

6. It would prevent the poppets from being off-seated soon enough and far enough. This would cause 
a delay in the start of operation and a decrease in the volume of fluid flow, which in turn would 
result in slower operation of the actuated component. 

7. They conserve space and simplify installation. 

8. Slide-type selector valves can meter varying quantities of fluid, while poppet-type selector valves are 
not capable of metering fluid. 

9. Variable-restrictor control valves can meter varying amount of fluid and pressure, thereby giving a 
smoother and more positive control. ^ 

10. The airload opposing their movement and the hydraulic pressure applied to the actuator. , 

11. a. Removal of high pressure lines from the cockpit. j 

b. Weight saving. 

c. Can be used to remotely position mechanical units. 

12. A check valve allows fluid to flow in one direction and no flow in the other. An orifice is a restric- 
tor and limits the rate of flow but will allow it to go in either direction. 

13. It is referred to as a globe or star valve. 



r 



V 



CHAPTER 4 



22 




ERIC 



14. To retard the speed of actuttor operation in one direction only. 

15. Bleed the air out of the gage line. 

16. To separate the normal system from the emergency system. 

17. Flow regulator. 

18. By their capacity or how many gallons per minute of fluid flow they will aUow. 
19^ Flow equalizer. 

20. If a leak develops, the fuse will shut off the flow in that section before the complete hydraulic 
supply has been lost. 

21. The orifice. 

22. The fuse will allow slightly more than the quantity of fluid to flow that is normally required to 
operate the component. When this quantity has been passed, the fuse will close. 

23. The same parts must be reinstalled in the same cylinder, sleeve, or housing. This is imperative becausl 
their identical parts are mated (machined) to their respective retainer. 3 

24. To transform fluid pressure into a mechanical force. 

25. Hydraulic fluid under pressure applied to the other side of the piston and forcing it to move. 

26. A double-acting unbalanced actuator. 

27. It prevents the actuator from slamming into the extremes of travel and will thereby prevent damage, 

28. By applying hydraulic pressure to the proper port. 



CHAPTER 5 

1. The air-oil strut. 

2. Rotation is prevented by the torque arms, or scissors. 

3. The proper preload of air as well as the resistance to movement caused by the hydraulic fluid mov- 
ing through some type of restriction. 

4. The metering pin. 

5. Completely compressed. 

6. The whole valve assembly can be blown off resulting in injury to people and damage to equipment. 
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7. In hard servicing you fill the strut with fluid to the inlet plug level and then apply air pressure until 
the strut reaches its proper extension length. Soft servicing requires that the strut be filled to the 
plug level, air applied to a predetermined pressure, and then additional fluid added under high pres- 
stite until the strut is extended. 

8. A soft strut prevents metal to metal contact of strut during hard landings. 

9. To eliminate any binding of the shock strut, thereby making certain you get the proper inflation 
and proper extension. 

10. Nicks, burrs, scratches, or cracks on the shock strut piston. 

1 1. The parts are. dipped or rinsed in cold water, then dipped in hot water for from 2 to 4 minutes. 

12. Two coats of zinc qhromate primer and then two coats of aluminum lacquer. 

13. It is used to fill a repaired shock strut internally before it is stored away. It is a |)rcservative. 

14. It operates on the principle that at extremely high pressures liquids are in fact compressible. 

15. A silicone base hydraulic fluid which is exotic and expensive. 

\ 

16. Fully extended. 

17. To prevent oscillations of the nosewheel during landing, takeoff, and taxiing. 

18. The tendency of the orifice to increase its resistance to fluid flow with an increase of force and 
velocity. 

19. You must u^ a pressure gun to add fluid as an internal piston keeps the reservoir under pressure at ^ 
all times. 

20. A plugged orifice. 

21. Too large an orifice. 

22. It could cause a partial vacuun\ to be formed when rapid movement is experienced and the shimmy 
action would be spongy. 

23. Tlie equal areas on both sides of the piston will provide equal forces in either direction. 

24. The wheels are on a common shaft and to shimmy, one wheel must move forward, thereby causing 
the other wheel to skid or slip. Ther ; is a natural tendency to resist this. 

25. Increased ^ire wear results. <^ 

26. To make certain that the nose gear is streamlined for retraction. 

27. Fluid under pressure is supplied by the normal aircraft hydraulic system. 
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CHAPtER 6 

1. The master cylinder, 

2. Yes. It will still act as a master cylinder, and the pilot can supply the force. 
lLtrTL"!d?' '""^ high-pressure lines in the cockpit (this decreases 

4. By thermal expansion of the fluid. 

5. The master cylinder. 

6. Push firmly on the brake pedals to Release the ratchet action. 

7. Hydraulic pressure from the master cylinder directs hydraulic fluid to the air relay (meterine) valve 
which m turn directs compressed air to the brake for braking action. ^metering) valve 

8. Disconnecting a line or unit, low supply in the reservoir, or a leak^ 

9. The gravity system is used. In one operation the bleed valve is left open while' pumping the master ' 
cy inder up and down until all air is removed. In the other method L bleed va Ji op n 1 f 

L remove". " " ^"^^ ^"''^ ^^P^^^^^ ^' 

10. You go through the normal bleeding sequence for each of the bleeder valves. 

11. This makes the pilot aware |f the amount of braking action he is applying. 

12. The force applied to the brake pedal which determines the upward movement of the piston. 

13. To adjust the maximum amount of pressure the valve will deliver. 

14. There is a weight saving: also, there are no high-pressure hydraulic lines in the Cockpit. 

15. Check the brakes for operation. 

16. Use a hydraulic test stand such as the HCT-6. 

lower'he pL'Z. '""""^ '^""^ ''"''^ 

18. The compensating valve and opening pin. 

19. An external bypass Une with a star valve is used to manually replenish the debooster. " 

20. The mass (weight) of the object and its velocity (speed). 

21. Warping of the discs because of overheating. 

22. By two feeler gages opposite each other between the r^aining nut and adjoining steel disc. 

23. The type of expander tube brakes with stamped frames. 

25 . 
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24. The brakes' OFF clearance would be at a maximum. 

25. They are riveted to the statiorjpry disc. 

26. By measuring the amount of adjuster pin still showing on the outside of the friction clamp. 

• ; 

27. Better cooling, 

28. Friction on the pin will be too great; thus, hydraulic pressure may not be able to move the pm 
inward to compensate for lining wear. 

29. When new linings are installed. I 

30. Because they are areas of stress concentration. This is done using a smooth-cut file and emery cl 

31. Call the fire department and evacuate the area for 300 feet on both sides of the brakes as they 
brakes may ignite and the tires explpde. 

32. Because the tire might explode. 

33. a. Normal skid control. 

Locked wheel skid control. 

c. Touchdown protection. 

d. Fail safe protection. 
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VOLUME REVIEW EXERCISE 



Carefully read the following: 

DO'S: 

I. Check the **course," **volume," and "form" numbers from the answer sheet 
address tab against the "VRE answer sheet identification number" in the 
righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. 



2. Note that numericaK^quence on answer sheet alternates across from column 
to column. . 

3. Use only medium sharp #1 black lead pencil for marking 'answer sheet. 

4. Use a clean eraser for any answer sheet changes, keeping erasures to a minimum. 

5. Take action to return entire answer sheet to ECL 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECI on ECI 
Form 17. 

DON'TS: 

1 . Don't iJ^nswer sheets other than one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet cxeept to fill in marking blocks. Double 
marks or excessive markings vthich overflow marking blocks will register as 
errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use 'ink or any marking other than with a #1 black lead pencil. 

NOTE: The 3-digit number in parenthesis immediately following each item num- 
ber in this Volume Review Exercise represents a Guide Number in the 
Study Reference Guide which in turn indicates the area of the text where 
the answer to that item can be found. For proper use of these Guide 
Numbers in assisting you with your Volume Review Exercise, read care- 
fully the instructions in the heading of the Study Reference Guide. 
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Multiple Oioice 
Chapter 1 

(200) A liquid under pressure is an effective means of moving aircraft mechanisms becai^e of its 

a. compressibility. c. relative incompressibility. 

b. viscosity characteristics. d. resistance to temperature changes. 

(200) One advantage of using liquid for transmitting power is the 



a. high compressibility factor of liquid. 

b. low thermal expansion factor of the liquid. 

c. ability of the liquid to transfer pressure equally in all directions. 

d. negligible shearing action that exists between the wall of the tube and the liquid. 

(200) What are the two types of fluid flow? 

a. Smooth and turbulent. c. Uniform and turbulent. 

b. Lammar and turbulent. d. Streamlined and turbulent. 



(200) When liquid flows through a venturi, the pressure will be 

a. the same throughout the venturi. 

b. least at the throat of the venturi. 

c. unaffected as the velocity decreases: 

d. greatest at the throat of the venturi. 



(201) Force in a hydraulic system is determined by the amount of ^ 

a. fluid available. c. distance an object is movec^ 

b. volume from the pump. d. push or pull on an object. 

(201) When\eat is applied to a conflned fluid, 

a. the pressure will inqrease. 

b. the flow will be more restricted. 

c. viscosity change will slow its velocity. 

d. it will cause a greater amount of turbulence. % 

(201) A master cylinder is connected to four actuating cylinders having cross-sectional areas of 1 
square inch, 2 square inches, 3 square inches, and 4 square inches, respectively!^ If the piston in the 
master cylinder* developed 100 psi, the pressure on each of the four stabilized pistons in- the cylinders 
would be 

a. 25 psi. 

b. 100 psi. 

c. 10 psi, 20 psi, 30 psi, and 40 psi, respectively. 

d. 100 psi, 200 psi, 300 psi, and 400 psi, respectively. 
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8, (202) To tM the pmsure applied to i hydrauac actuator when the area and force are known, you 
would 



a. divide foict by area, 

b. idd foret and area. 



c. multiply force by area. 

d. subtract force from area. 



(302) If a forea of 100 pounds is applied to a cylinder piston having an area 2 square inches and 
tht reiultant pressure is transmitted to another cylinder piston having an area of 4 square inches, 
what will be the resultant force on the second piston? 



if 



a. IQQ pounds. 

b. 200 pounds. 



c. 400 pounds. 

d. 800 pounds. 



10. (202) The piston within a master cylinder has an area of Va square inch and moves 16 inches. The 
pisfon within the actuating cylinder has an area of 4 square inches and will move 



a. ' inch. 

b. 2 inches. 



c. 4 inches, 
c. 1/16 inch. 



11. (202) A piston has an area of 4 square inr^-.^s and is moved by a force of 100 psi pressure. How 
mpch volume is required to move the piston 10 inches? 



a. 2.S cubic inches. 

b. 25 cubic inches. 



c. 40 cubic inthes. 

d. 400 cubic inches. 



12. (202) Two pistons are connected by a piece of tubing; bne piston has an area of 2 square inches 
and the second has an area of 4 square Inches. How many Inches would the large piston move and 
how much force would be required to move the 2-square-inch piston 10 inches if the large piston 
piston has 200 psi of pressure applied to it? 



a. 6 iHches-50 pounJ . 

b. 8 itiches--50 pounds. 



c. 5 inches-800 pounds. 

d. 15 inches-800 pounds. 



13. <2«3> If the .mailer piston in VRE figure 1 has a SdOjiound force applied to it. the larger piston 
mU exert an upward force of 



a, 2340 pounds. 

b. 3340 pounds. 



c. 4340 pounds. 

d. 5340 pounds. 





4SQ IN 
PISTON 

. 26SQ IN 
PISTON 
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14. (203) When a SO^iound force will balance a 250-pound weight, a mechanical advantage has been 
achieved. This is expressed as a ratio of ^ 

a 1-5 c. 50:250. 

b 5.1 * d. 250:50. ^ 

15. (203) A hydraulic jack has two cylinders. The pump cylinder piston has an area of 2 square inches 
and the jack piston has an area of 8 square inches. How many strokes wiU be necessary to 
raise the jack 12 inches? 

a. 8. ' 24. 

b. 12. d- 32. 

16. (204) The volume of a cylinder 5 inches high (length) with a 1-inch radius is 

a, L57 cubic inches. c. 15.7 cubic inches. 

b. 3.14 cubic inches. d. 31.4 cubic inches, 

17. (205) A simple four-port selector valve is best described as having 

a. 1 pressure, 1 return, 1 up, and 1 down port. 

b. 2 return, 1 pressure, and 1" alternating port. 

c. 2 pressure, 1 return, and 1 alternating port. 

d. 2 alternating, I pressure, and 1 return port. 

18. (205) Which of the following is the probably cause if a pressure regulator^jpcjcsji] and kicks out at 
a very rapid rate? 

a. A relief valve is set too low. 

b. There is a leak in the pressure line downstream of the regulator. 

c. The regulator chisck valve is ^tuck closed. 

d. The {accumulator diaphragm is ruptured. 

19. (205) What is the purpose of a standpipe in a reservoir? 

a. To protect the pump. * 

b. To supply the pump during inverted flight. 

c. To reserve fluid for the power pump. 

d. To reserve fluid for the hand pump. 



Chapter 2 * 

20. (206) If a hydraulic reservoir is pressurized to 25 psi, how much pressure would be in the 
line to the reservoir? 

a. 24 psi. c- 27 psi. 

b, 25psi. d. 50 psi. 



21. (206) If a hydraulic reservoir is an airless type, what are the methods of pressurizing it? 

a. Venturi tee and jet pump, 
.b. Spring tension and jet pump. 

c. Hydraulic pressure and venturi tec. » 

d. Hydraulic pressure and spring tension. 

22. (207) 'Line4isconnects or quick-disconnects are used in pneudraulic systems to 

a. allow for bleeding of the system. 
. b. prevent the loss of pressure when a unit is removed. 

c. prevent the loss of fluid when a unit is removed. 

d. prevent any fluid loss in the event of a broken line. 

23. (208) During overhaul of a hydraulic hand pump, what parts are always replaced? 

a. All cure dated parts. c. The needle valves and seats. 

b. The threaded fittings. d. AU ball check valves and springs. 

24. (208) What is used to prevent damage to the engine if an engine^iriven hydraulic pump should freeze? 

a. A slip clutch. * 

b. A pressure regulator. 

c. A pump drive shaft shear section. 

d. A variable-restrictor control valve. 




25. (208) Case pressure in a pump insures 



a. that the pump is primed. 

b. pump lubrication and cooling. 

c. that the bushings fit snugly against, the gears. 

d. pump lubrication and prevents air from entering the pump. 

26. (20&) If a new constant-volume, piston type pump with two foot valves is drawn from supply and 
indicates the wrong direction of rotation, you must HlH^ 

a. rotate the valve plate head 180* only. 

b. install an accessory drive of correct rotation. ^ 

c. reverse the suction and pressure connections only. 

d. rotate the valve plate head 180* and reverse the suction and pressure connections. 

27. (208) Fluid output of the Vickers variable^lisplacement pump is determined by the 

/ 

a. rpm of the drive shaft. 

b. position of the pilot valve. 

c. spring tension on the iffternal relief valve. 

d. angle between the drive shaft and the cylinder block. 

28. (208) In hydraulic pumps in which the pistons reciprocate in a rotating cylinder barrel, 

a. alternate pistons suck in and expell fluid. 

b. all pistons suck in or expell fluid at the same time. 



c. pistons suck in and expell fluid every other revolution of the cylinder barrel 

d. the pistons on one side of the barrel suck in fluid, while the pistons on the otl 



pistons on the other side are expelling. 

31 , N." 



ERIC 



^3 



29. (209) In the hydraulic drile motor, th« angle of the wobbler plate determines the 

t \ 

a. flyweight rotation. 

b. tension of th^ governor Ispring. 

c. amount of movement ofl the pistons. 

d. venting of the control" piston to the system return line. 

30. (209) Which component in the. hydraulic drive motor prevents overtravel of the governor control 
valve when the motor tends to overspced? 

a. Preact piston. 1 c. Governor spring. 

b. Control piston. d. Back pressure valve. 



' Chapter 3 

31. (210) We- use the Bourdon tube t^pe pressure switch in the main aircraft hydraulic system because 

a. it is a rugged piece of equipment; 

b. there is never^any adjustments required. 

c. this is the only method of fuming the pump on and off . 

d. it works well in conjunction with the pressurized reservoir system. 

32. (210) Which of the following situations is most likely to occur in the hydraulic pressure regulator 
when it is kicked in and the power pump is running? ^ 

a. Pressure bejow the piston is decreasing. 

b. Pressure on top of the piston is decreasing. 

c. The check valve is open, the bypass is closed, and the power pump is unloaded. 

d. The check valve is open, the bypass is closed, aitd the power pump is under load. ^ 

33. (210) To increase the kick-out pressure of a selective-type double area pressure regulator, the mechanic 
should 

a. scre\^ down the piston and off-seat the poppet. 

b. a^^ll^t the screw clockwise, lengthening the rod. 

c. turn the adjusting screw counterclockwise, allowing the rod to rise. 

d. increase the tension on the large spring by turning the adjusting lever. 

34. (210) The pilot reports thfct all the hydraulic units on the aircraft seem to operate slower than 
normal at all altitudes and during landing. He also states that the hydraulic pressure gage' indicates 
that pressure remains below normal. These symptoms indicate that the 

.... « * 

a. kick-out pressure needs adjustmg. 

b. micronic filter element needs replacing. 

c. pressure regulator bypass valve is leaking. 

d. pressure regulator check valve is defective. ^ 

y 
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35. (210) A leaking check valve in a pressure regulator will 

a. cause the kick-in pressure to be lower. 

b. not cause the kick-out or kick-in pressure to change. 

c. cause the kick-out pressure to be higher than normal. 

d. " cause the relief valve to relieve the fluid back to the reservoir. 

36. (211) In a hydraulic system using an accumulator, the preload pressure should be serviced to a 

a. minimum of 300 psi. 

b. maximum of 1000 psi. 

c. pressure equal to what system pressure will be. 

d. pressure greater than required- tS operate any one unit. 

37. (11^ In a hydraulic systehi jiJfng a piston type accumulator, a passage is drilled from the fluid side 
ot the piston to the space between the two piston seals to 

a. allow for lubrication of the seals. ^ 

b. eliminate the need for backup rings^ \f 

c. prevent the top seal from being damaged. . * 
- d. allow easy installation of the pj^ton seals. ^ 

38. (211) In a hydraulic system using the self^iisplacing-type accumulator, hydraulic fluid is added to 
the system 

a. during accumulator ov^haul cycle. i 

b. while the accuinulator preload is discharged. 

c. from the A-2 portable hydraulic test stand. 

d. by using the hand pump connected to the main reservoir. 

39. (21 1) 'When performing a leakage test on a bladder type accumulator, ^ 

a. apply 5000 psi hydraulic pressure. 

b. the specified preload will be put in. ^ 

c. it must hold the pressure for a minimum of 24 hours. 

d. the check^ill be performed with the unit installed on the aircraft. 

40. (212) If a relief valve with a ball seat area of 1/6 square inch is to relieve at 1800 psi, the spring 
force behind the ball should be \ r f & 

a. 300 pounds vj?ith no back pressure. 

b. greater than the cracking oressure. 

c. about 1500 pounds with/oack pressure. 

d. about 2100 pounds with back pressure. 0^ 

41. (212) The back pressure effect on the ball of a balanced type relief valve is Eliminated by 

a. reducing the spring force. 

b. reducing the size of the bail. 

c. turning the adjustment screw clockwise. 

d. attaching a rod to the back side of the ball. 
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42 (212) With a relief valve installed in the aircraft' main hydraulic system, how do we adjust its re- - 
lieving pressure? ^ 

a. The relief- valves are^ preset and should never require adjustment. 

b. Run the engine and make the adjustments while watching the test gage. 

c. Pressurize the systfcm with the hand pump" and set the cracking pressure. 

d. Use a tesfstand for pressure and watch the cockpit indicator for the felieving pressure. 

'"k;. • .- ■ ' . . . 

43. (212) The aircraft hydraulic system is set for 300 psi while one of the actuators is designed to work 
with only 1000 psi pressure. What is to be done to operate this actuator safely? 

a. The pressure regulator and relief valves should be reset. -s^ 

b. Reduce the tubing sae and this will decrease the pressure. 

c. Reduce the accumulator preload pressure and unload the pump sooner. 

d. Install a pressure r^ucer valve of the proper size in the actuator line. 



Chapter 4 , 

44. (213) When> closed-center selector valve is in the neutral position, the pressure manifold will 

a. be connected to the return line, 

b. always be conn|cted to the actuated unit. 

c. always be pressurized whenever there is system pressure available. 

(f. be returning the fluid to the reservoir |rom the retract side of the^j^ator. 

45. (213) Three-way selector valves in hydraulic systems serve to 

a. direct fluid pressure into one of three different Jines. 

b. build up hi^ pressures through temperature increases. 

c. operate a mechanism electrically in one direction only. 

d. operate a mechanism hydraulically in one direction only. 

46. (213) Four-way selector v^cs have 

a. four sets of poppets. 

b. all poppets on seat when in neutral. 

c. a relief ^ve venting to the return line. ^ 

d. a device to direct fluid flow in four directions. • 

47. (213) What would be the effect on system operation if the piston^screws in a poppet type radial 
selector valve were adjusted and shortened too much? 

a. The system actuators will operate slower than normal. 

b. The actuators will operate faster than normal. 

c. The system fluid will become excessively hot. 

d. There would be no noticeable effect on system operation. 
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48. (213) The variable-restrictor control valve is generally used to control 

a. the bay door opening system. 

b. extension and retraction of the gear only. 

c. the operation of the flight control surfaces. 

d. operation of test stands^ since it is an open-center system. 

49. (214) An orifice check valve is usually installed in a hydraulic system to 

a. restrict the flow of fluid leaving the hydraulic actuating cylinder. 

b. limit the travel of a hydraulic actuating cylinder in both directions. 

c. allow full flow in one direction and restricted flow in the opposite direction. 

d. allow restricted flow in one direction and no flow in the opposite direction. 

50. (2 J 4) The snubber used to prevent erratic readings on pressure gages due to system surges is usually 

a. made by drilling tiny holes in a piece of steel. . 

b. a combination internal bypass and safety shutoff valve. 

c. an orifice check valve installed in the line leading to the gage. 

d. made by drilling a hole in a piece of steel and inserting a pin into it. 

51. (214) Which of the following valves is normally installed at the inlet port to allow two independent 
systems to opeate the same actuator? 

a. Shuttle valve. c. Combining check valve. 

b. Balanced relief vaWe. d. Slide type selector valve. 

52. (215) If fluid does not split evenly in the flow equalizer, a 

a. free-floating piston shifts position. 

b. variable orifice changes opening si^e. 

c. check valve opens on the side with the lesser pressure. 

d. check valve opens on the side with the gr^ajter. pressure. 

53. (215) Hydraulic fuses are used in jet aircraft hydraulic systems to ^ 

a. maintain a constant rate of flow to a subsystem. 

b. prevent any fluid loss in the event of a broken line. 

c. prevent excessive fluid loss in the event of a broken line. 

d. prevent excessive rate of flow to a subsystem in which it is installed. 

54. (215) A hydraulic fuse in a pressure line fused. A check of the system showed no leaks. What could 
be a probable cause? 

a. A leaking poppef valve in the selector valve. 

b. An incorrect setting of the pressure regulator. 

c. Too small an opening in the finger strainer in the Hne. 

d. The fuse is undersized for the amount of fluid required. 
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SS. (216) Why do we use hydraulic actuators? 



a. They are cheap and trouble free. 

b. They transform fluid pressure into mechanical force. 

c. They are the only means of controlling operation. 

d. They change rotary motion into linear motion. 

56. (216) A double-acting unbalanced actuator is used on the aircraft because it provides 

a. equal p^ressure in two different directions. 

b. the hlSher pressure needed to overcome the extra spring force. 

c. us with a means of having a mechanical lock on the unit. 

d. more force in one direction than in the other. 

57. (216) The actuator that is designed to reduce damage due to excessive force or speed is 

a. the internal-snubber type. 

b. the double-acting balanced type. 

c. charged with the hard strut servicing kit. 

d. iised only on combat aircraft operating on rough fields. 

58. (216) The only manner in which the internal-lock-type actuator can be extended is by 

a. applying pressure to the extend port and hydraulically unlocking it. 

b. applying pressure to the unlock cylinder and then allowing it to extend by spring action. 

c. bleeding the pressure from the hydraulic lock side and letting the weight extend the actuator. 

d. first mechanically unlocking the unit and then applying the pressure to extend it. 



Chapter 5 

59. (217) The primary purpose of the torque arms used on aircraft landing gear struts is to 

a. keep the gear aligned for retracfion. 

b. limit the maximum extension of the strut. 

c. keep the wheels in the correct alignment. 

d. allow the wheels to turn when steering the aircraft. 

60. (217) The hydraulic fluid level of an air-oil shock strut is checked by 

a. removing the high-pressure air valve. 

b. checking the cockpit quantity indicator. 

c. no checks required as it is a closed system. 

d. observing the position of the fluid indicator pin. 

61. (217) A disadvantage of servicing shock struts on an aircraft using the hard-strut method is that 

a. not enough fluid is used. 

b. the strut could bottom under a load and damage the gear. 

c. too much fluid is used which acts like a solid and causey damage. 

d. the struts bottom all the time and eventually will-dSniage the gear. 
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" ir.r.t^STLT ' wl« b= done each 

a. The nose gear shock strut must be serviced with air. 

b. The -strut must be removed and replaced with a serviceable unit 

c. Nothing immediately, but following the last flight of the day. the strut wiU be servic^ 

d. The pilot wll automatically extend the shock strut to the proper ground level extensioil. 

63. (218) During maintenance of shock struts, the strut will be replaced when 

a. it will not hold a preload air charge. 

b. thd aircraft has performed 100 landings. 

c. the 0-ring seals and gaskets are worn. 

d. any scratches have penetrated the chrome plating. 

64. (218) What method is commonly used to inspect ferrous parts of shock struts for cracks? 

a. X-ray. ^ Fluorescent. 

b. Microscopic. d Magnetic particle. 

65. (218) Corrosion treatment of shock struts will include painting with 

a. aluminum lacquer and waxing the entire surface. 

b. camouflage color and clear lacquer. 

c. zinc chromate primer and rechroming. 

d. two coats of zinc chromate primer and two coats of aluminum lacquer. 

66. (218) What is the basic theory of operation of the liquid-spring shock strut? 

a. Liquids can be compressed at high pressures. 

b. Liquids ate amcompressible at high pressures. — 

c. Fluid pressure increases as the velocity increases. 

d. Fluid pressure decreases as the velocity decreases. 

67. (218) Servicing of an aircraft using a liquid-spring shock strut requires that 

a. the strut be removed from the aircraft and returned to field maintenance 

b. a compressor of extremely high pressure be used to preload the cylinder 

c. a jacks be removed and the wings rocked periodically during sen^icing 

d. all weight be removed from the aircraft and the strut fully extended. 

!^fficu^t T ""T'^''' ^hinimllamper. The nose wheel does not shimmy but 
difficult to move normally and does not wantVo trail. What could be a probable cause? 

a. The hydraulic fluid supply is low. 

b. An orifice with too large an opening is used. 

c. The size of the orifice has been adjusted down too small. 

d. The torque arms have been overtightened and are not free to move 
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69. 



(220) The foUowup mechanism on nose wheel steering units 



a. makes it easier to turn the wheeb. 

b. returns the wheel to centered position. 

c. aOows umestricted flow of return fluid, 

d. matches the amount of wheel turning to the amount of pilot's control wheel turning. 

70. (220) In addition to nose wheel shimmy control, what other feature do we And on most aircraft 
with nose gear? 

a. Nose wheel steering. c. Mechanical retraction. 

b. Nose wheel braking. d. Dual tires installed for safety. 



71. (221) A slave brake system is used on large aircraft mainly because 

a. more braking pressure is furnished. 

b. weight is reduced by using smaller tubing. 

c. it provides a more rapid brake application. 

d. it eliminates hydraulic lines from the cockpit. 

72. (221) Generally, the loss of main hydraulic system pressure on most fighter aircraft will 
a. not affecl the normal braking action. 



d. result in partial loss of braking pressure. 

73. (221) When an independent brake system on an aircraft is in the parked condition, the 

a. master cylinder will be in the OFF position. 

b. parking T-handle must be pulled to release the brakes./ -^s^d^ 

c. master cylinder must be locked in the applied position. 

d. braking pressure is maintained by the fluid applied from the main system. 

74. (221) When a Gladden mas];er cylinder is in the parked condition, the 

a. thermal expansion will increase the brake pressure. 

b. thermal expansion will decrease the brake pressure. 

c. parking brake handle must be left in the parked position to hold. 

d. thermal expansion in the brake line is relieved by the compensating chamber. 

75. (221) In a pneumatic brake system using a master cylinder, the fluid leaving the master cylinder 
goes to an air 

a. debooster. c. relay valve. 

b. slave valve. d. shuttle valve. 



Chapter 6 




38 25'J 



76, (222) The unit that uses main system pressure to help the pflot in applying the brakes is the 

a. brake adjust valve. 

b. brake master boost cylinder. 

c, electrically opciated power brake control valve. 

d, hydraulically operated power brake control vzWe^ 

""'^ ^ 

a. only when the brakes are applied. 

b. only when the brakes are not applied. ■ 

c. whether the brakes arc applied or not. 

d. when there is no check valve instaUed before the PBCV. 

78. (222) Which of the foUowing would be the most logical cause if a Bendix power brake control valve 
fails to provide pressure to the brak^^^mbly? ^'^^ 

b. A clogged return port. j. The pressure poppet stuck open. 

Srren^? of ?J ""^ P^'^." °" ^'^^^ ' P°*" brake control valve, the 

eitective length of the sprmg is extended in order to " 

a. increase pressure. , decrease piston travel. 

b. decrease pressure. d. increase piston travel. 

"iLc^^^^^^^^^ ^--^ -hod. the 



a: drain the entire system of fluid. 

b. fill the main hydraulic reservoir to capacity. 

c. be certain that the system pressure is released. 

d. open the wheel bleeder several turns. 

81. (223) What volume of fluid wiU be dispUced in a hydraulic cylinder if the force on thP f,.. nf 
piston IS 600 pounds, the piston travels 4 inches, and the preLel th^pSon 2c5) ^/'^ 

a. 3.0 cubic inches. 1.33 cubic inches. 

b. 5.0 cubic inches. d ,2.0 cubic inches. 

82. (224) Application of one of the basic laws of physics reveals that during the landing of an aircraft. 

a. kinetic energy possessed by the aircraft increases as it slows down 

b. brakes are applied to decrease the kinetic energy of the aircraft 

c. kinetic energy developed wiU depend on the area of the braking surface 

d. kinetic energy developed by forward motion is opposed by the gravitational force of the earth. 
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83. (224) Which of the following applies vAxen the rolUng speed of a landing aircraft is reduced by the 
application of multiple disc brakes? r> 

a. The piston return spring makes contact with an outer bronze disc. 

b. The bronze discs are slowed down by friction with the steel discs. 

c. Fluid forces the iimular piston against the face of the outer nonrotating disc. 

d. A steel disc makes contact with the insulator ring and dissipates heat from the remaining discs* 

84. (225) The clearance of e^^pander tube brakes having no manual means for adjustment is primarily 
determined by the 




a. thiclcness of the block. 

b. age of the expander tube. 

c. restraining force of the retraction spring. 

d. amount of fluid retained in the expander tube. 

85. (225) The maximum outward expansion of the expander tube on the expander tube brake is primari- 
ly limited by the / 

a. applied pressure. 

b. torque lugs on the brake frames. 

c. thickness of the expander tube shield. 

d. distance between the blocks and brake drums. 

86. (225) The first step in adjusting the expander tube brake adjuster valve is to 

a. apply the brakes and turn the adjuster screw clockwise. 

b. release the brakes and turn the adjuster screw clockwise. 

c. apply the brakes and turn the adjuster screw counterclockwise. 

d7-release-^e-brakc5Hind"turn-the-adJust^^Grcw-GOU|0it€^Gck^^^ 

87. (226) What type of braJce makes use of semannular pistons? 

a. Spot disc. c. Expander tube. 

b. Multiple disc. d. Segmented rotor. 

88. (226) If the automatic adjuster clamp of the segmented rotor brake is loose, the^ake 

a. cannot be applied. c. eventually will not apply. 

b. will tend to drag. d. eventually will lock when applied. 

89. (227) In a hydraulic system using a spot disc-type brake, one of the highly desirable features of 
this type brake is the 

a. mechanical adjustment. c. use of it mechanically. 

b. rapid heat dissipation. d. use of a master cylinder with it. 

90. (227) The dual spot disc brake components whose condition is most important for proper self- 
adjusting are the 

a. torque nut and spring guide. 

b. piston and cylinder surfaces. 

c. adjusting pin and adjusting pin grip. 

d. adjusting pin and internal retaining ring. 
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91. (227) If the adjusting pin torque nut on a single spot disc brake is too tight, which of the following 
will result? ^ ^ 

a. The brakes will drag. 

b. Braking action will be lost. 

c. The lining clearance will decrease. 

d. The adjusting pin will be forced Inward. 

92. (227) The running clearance of dual spot disc brakes is 

a. the same for both the single and dual disc brakes. 

b. usually greater than that of a single disc brake of Mt^ same diameter. 

c. determined by the friction of the self-adjusting pin and pin grip. 

d. determined by the thickness of the compensating shim. 

93. (228) Some of the leading factors that cause a high degree of wheel and brake faUures are 

a. poor maintenance, good inspections, and unconscientious mechanics. 

b. poor maintenance, careless inspections, and conscientious mechanics. 

c. poor maintenance, careless inspections, and unconscientious mechanics. 

d. careless inspections, good maintenance, and unconscientious mechanics. 

94. (228) Brake assemblies should be returned to depot for overhaul 

a. after the third lining change. 

b. before jthe third lining change. 

c. whenever a piston seal is changed. 

d. before the second piston seal change. 

(228) In highjerfo rmance aircraft b ra k ing. j^stems,4he skid control system fir^^comesinto play 
when the v j 

a. «4ieel locks and slides. 

b. brakes are not applied. ' 

c. wheel starts to slide but still is rotating. 

d. aircraft weight is on its wheel after landing. 
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Preface 



THE PREVlOyS two volumes of Course 42152. Aircraft Pneudraulic Repair- 
man, have given you information on pneudraulic functions in addition to the 
operation and maintenance of pneudraulic components. Now. in Volume 3. ye 
will use this information in explaining pneudraulic systems and their principles 
of operation. Chapter 1 covers aircraft familiarization. In, Chapter 2. we wrtl 
discuss electrical fundamentals and trouble analysis. We continue with Chapter 
3 on pneudraulic power systems, discussing both the hydraulic and pneumatic 
systems; then on to Chapter 4. which covers hydraulic actuating Units. Finally, 
in Chapter 5. we discuss aircraft emergency pneudraulic systems, such as 
emergency night control, landing gear warning, and emergency wheel brake. 
, If you have questions on the accuracy or currency of the subject matter of this 
text, or recommendations for its improvement, send them to Tech Tne Cen 
(TTOC). Chanute AFB. IL 61868. 

If you have questions on course enrollment or administration, or on any of 
ECrs instructional aids (Your Key to Career Development. Study Reference 
Guides. Chapter Review Exercises. Volume Review Exercise, and Course 
Examination), consult your educSTion officer, training officer, or NCO. as ap- 
propriate. If he can't answer your questions, send them to ECI. Gunter AFB 
AL 36118. preferably on ECI Form 17. Student Request for AssistSIbe. 

This volume is valued at 18 hours (6 points). 

Material in this volume is technically accurate, adequate, and current as of 
January 1972. 
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Aircraft Familiarization 



NOT SO VERY LONG ago. physics and 
aeronautics were generally considered obscure 
and difficult subjects. These subjects were of lit- 
tle use to anyone but scientists and aircraft 
design engineers. Today, the situation is quite 
different; as pneudraulic repairmen, we must 
have an understanding of physics and 
aeronautics to maintain our' flight control 
hydraulic systems. Most aircraft use 
hydraulically actuated flight controls. 

2. Our study in this chapter of physical laws 
and aeronautical principles will aid you in un- 
derstanding the systems yoirswill maintain. In 
order to understand the principles of hydraulic 
and pneudraulic^power sysjems, you will learn 
some basic facts about energy and matter. You 
will get to know something about the at- 
mosphere and how our aircraft fly in it. You 
will learn the function of the surfaces which 
control flight and which are powered 
hydraulically. Fii\ally, the chapter will cover 
construction and component arrangement 
features and a system of aircraft identification. 

1. Basic Laws of Energy and Matter 

i-I. Energy falls into two categories: poten- 
lal energy and kinetic energy. The laws of 
transformation and conservation of energy will 
be studied, along with the relationship between 
energy and matter. Matter will be explained in 
its three stages: solids, liquids, and gases. " 

1-2. Energ}^ Energy is the ability to do 
work. Work is performed when a force acts on 
fa body and moves it. The motion is the clue to 
the concept of work, and without it there is no 
work. Imagine some Egyptian slaves, thousands 
of years ago. struggling to move a block of 
stone for one of the pyramids. The slaves push 
and sweat, but the stone does not budge an 
inch; so, no work has been done. They rest a lit- 
tle, and return to the job and push harder than 
before. This time the stone moves. They have 
done some work. The amount of work is equal 
to the force they exert times the distance the 
block was moved. 



1-3. In our technical age, we need a unit of 
measurement for work. The unit of work com- 
monly chosen is called a foot-pound, A foot- 
pound of work is the work required' to move f 
pound a distance of I foot. The Egyptian slaves 
learned that work was an expenditure of energy 
that accomplished something. So, let's examine 
a few facts about energy. 

I -4. Potential energy. Potential energy is 
energy at rest. A tightly stretched spring is 
ready to do work; so, it possefsses energy. Com- 
pressed air has only to be released in order to 
do work; it. too. has energy. A lifted clock 
weight is able to make the clock run because it 
has stored energy in its raised position. These 
are all examples of potential energy. A body 
has potential energy because of its position. 

1-5. Kinetic energy. Kinetic energy is energy 
in motion. A baseball flying through the air 
possesses kinetic energy. When you catch the 
ball, it?^ kinetic energy warms your glove and 
stings your hand. A moving automobile, a 
moving stream of water, and the wind are also 
examples of kinetic energy. Any body in 
motion is able to do an amount bf work equal 
to it^inetic energy. Conversely, if an amount 
of v/Wk is done to accelerate a body, the bod.y 
requires an equal amount of kinetic energy. 
1-6. Transformation of energy. Energy can 
-be changed from one form into another in many 
different ways. Radiant energy of the sun 
strikes the earth; it is changed ^to heat energy 
and'warms the earth. When sunlight falls on the 
leaves of plants, it is transformed into chemical 
energy. Electrical energy becomes sound energy 
in the telephone receiver, in the loudspeaker, 
and in bells. When gunpowder is fired, the 
chemical energy that was stored in it is 
released. It is partly as heat and partly as 
mechanical energy in propelling a bullet. 

1-7. Conservation of energy. The law of the 
conservation of energy states: energy can be 
neither created nor destroyed. No one has ever 
found a way tb create energy out of nothing. No 
machine ^as been found that delivers more 
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energy than is put into it. We can only use what 
is already here. A machine is not only helpless 
to create energy, but unable to destroy energy. 
A machine does not deliver all of the energy 
that is put into it. The energy that is not 
ddivered is not destroyed. It is usually changed 
into heat energy. Fuel may be wasted by going 
up the flue in smoke; nevertheless, energy goes 
up with the smoke. / 
X^I-8. IVlatter. Matter is anythinw which oc- 
cupies space and has weight'. Siwe it can be 
weighed, it has mass. It also has size, since 
every piece of matter has length, width, and 
height. As stated earlier, the three states of mat- 
ter are solids, liquids, and gases. Matter may 
ai^pear in any one of these forms. It may also 
undergo a physical change to another state as 
the result of a rise or fall in temperature. For 
example, water may be readily changed to ice 
(the solid state) or steam (the gaseous state). 
This is done simply by increasing or decreasing 
its temperature. Its chemical makeup remains 
unchanged. 

1-9. Solid. A solid has definite shape and a 
definite volume. Its molecules offer a great 
resistance to change and have a strong at- 
traction for each other. 

^-10. Liquid. A liquid has a definite volume 
but no definite shape. Its molecules have much 
less attraction for each other. A liquid takes the 
shape of its container. 

1-11. Gas. A gas has no definite volume and 
no definite shape. Its molecules have almost no 
attraction for one another and are relatively far 
apart. A gas always fills Its container. 

1- 12. You now have a basic understanding 
of work, energy, and forms of matter. In the 
next section, these truths will find practical ap- 
plication in the science of aerodynamics. A 
thought to keep. in mind — no mechanical device 
can do its Job unless the basic laws of physics 
(or nature) are obeyed in its design. 

2- Aerodynamics 

2- 1. Aerodynamics deals with the motion of 
air and the forces that act on solids moving 
through the air (air is fluid and in a gaseous 
state). Sometimes the definition is expanded to 
include other gaseous fluids. It should be poin- 
ted out that aerodynamics is not limited to air- 
craft flight. The swaying of a bridge in the wind 
is an example of aerodynamic action. However, 
the chief problems of aerodynamics^ have to^be 
met in aeronautics; therefore, \i is in the field of 
aviation that aerodynamics has its greatest 
value. Let us begin, then, with a study of the at- 
mosphere. 

2-2. The Atmosphere* Air is a mixture of 
several gases. However, for all practical pur- 
poses, we may consider it as one-fifth oxygen 



and four-fifths nitrogen. It surrounds the eanrh . 
and extends upward for hundreds of miles. Per- 
fectly dry air weighs 0.07651 pound per cubic 
foot under standard conditions at sea leveU The 
atmosphere every whiere exerts a uniform 
pressure in all horizontal directions. The 
pressure of the atmosphere plays a major role in 
the design and flight of an aircraft. One of Ihe 
principal problems is the pressure differences at 
different altitudes. As we increase altitude, the 
pressure decreases. At sea level on a standard 
day, the pressure is 29.92 inches of mercury as 
indicated on a manometer. At 50,000 feet, the 
pressure drops to approxiina^tely 3.44 inches of 
mercury. (The pressure of/ I inch of mercury 
(Hg) is equal to the weight of I inch of mer- 
cury.) This pressure variation has a decided ef- 
fect on the flight characteristics of an aircraft. 
There are many other factors of atmosphere 
which affect flight characteristics. Three of 
these factors are temperature, density, and 
humidity. We will discuss these next. 

2-3. Temperature. We are all familiar with 
the sensations of heat and cold. While these are 
unreliable indicators, they agree with other ob- 
servations on the effects of heat. An object that 
feels hot will show its hot condition in other 
ways. To take two examples: a metal rod is a lit- 
tle longer >vhen hot than .when cold; a fixed 
volume of gas exerts a greater pressure when it 
is. heated. 

2-4. Terms such as "hot," "cold," "^virm." 
and "cool" are used in ordinary spe^<fn. But, 
they do not adequately express tlj^^^perature 
of a Substance. Temperaturp^^the degree of 
hea,t measured on a definU^cale which, in this 
case, is the thermomortfr 

2-5. Density, Density may be defined as mass 
(weight) per unit volume. With a constant tem- 
perature, density varies directly as the pressure 
varies. Air can be either contkressed or per- 
mitted to expand. When comprOKed, the same 
quantity (mass) of air occupies (Smaller space. 
When the pressure decreases, the same quantity 
of air expands and occupies a larger space. 
Similarly, with a constant pressure the density 
of the air varies directly with temperature. In 
the atmosphere, density falls off rapidly with 
height above sea level. Both temperatures and 
pressure decrease with increasing altitude. 

2-6. Air has a low density at a high altitude, 
and then it is often referred to as being thin. In 
a like manner, air at a low altitude has high 
density, and it is often referred to as being 
thick. The difference, or change, in density 
greatly affects the flight of an aircraft. Although 
an aircraft can fly faster at a higher altitude for 
a given thrust, its maneuverability is decreased. 
The increase in speed is a result of the decrease 
in drag. There is much less resistance to aircraft 
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night at higher altitudes. This is because there 
are fewer molecules of air for a given volume as 
we increase the altitude. This results iii/he con- 
trol surfaces being less effective at extremely 
high altitudes. Maneuverability becomes a very 
serious problem. 

2-7. Temperature and pressure variations at 
any constant altitude also play an important 
part on density variation. On hot days or in 
tjropical cliniates.jhe air becomes less dense. 
Then an aircraft" responds to coi^trol 
movements less readily than on a cold day or in 
the arctic regions. Another factor affecting 
flight of aircraft is fiumidity. 

2-8. Humidity, Humidity is moisture, or 
dampness, in the atmosphere. The maximum 
amount of water vapor that the air can hold 
depends on the temperature; the higher the tem- 
perature of the air, the more water vapor it can 
contain. By itself, water vapor weTghs about 
tlve^eighths as much as an equal volume of per- 
fectly dry air. Therefore, when air contains 10 
parts of water vapor and 90 parts of dry air, it is 
less dense than dry air. 

2-9. Assuming that the tempei^ature and 
pressure remain constant, the density varies 
with the humidity. On humid days, the density 
is less than on dry days; therefore, an aircraft 
requires a longer takeoff distance. Even engine 
power is affected by the humidity. The higher 
the humidity, the less power an engine puts out 
for the same control settings. The aircraft also 
reacts more slowly to control surface 
movement. 

2-10. We have talked about the charac- 
teristics of the atmosphere in which the aircraft 
tlies. Now let us look at some of the principles 
governing flight. " 

2-1 L Prlncjples of Flight. To understand 
his job, the pneudraulic specialist must have 
some knowledge of the principles of Hight. No 
doubt, man got the idea of flight from watching 
the birds soar gracefully overhead. His early at- 
tempts ai flight were, for the most part, fan- 
tastic, if not fatal. He even tried to imitate the 
birds by attaching wings to his arms and 
shoulders. It just did not work, because in his 
early attempts to fly, man didn't know enough 
about aerodynamics. First, let us review the 
characteristics of an airfoil and the forces ac- 
ting upon it in flight. 

2-12. Airfoils. Figure 1 shows a typical air- 
tbil. You will note that the two edges of the air- 
foil differ in appearance. The edge that faces 
into the wind in flight is called the leading 
edge. The other edge is called the trailing edge. 
^ reference line often used in discussing an air- 
foil is the chord line. This is a straight line 
drawn through the airfoil. The line connects the 
farthermost points of the leading and trailing 



edge. It is about parallel to the longitudinal 
axis of the aircraft. A most important facti>r of 
an airfoiTs lifting ability is camber. Camber is 
tl>e curve of the surface o( an airfoil from the 
leading edge to the trailing edge. Notice, in 
figure I, the upper camber is longer than tlj^e 
lower camber. This difference has an effect on 
the amount of lift (and drag) the airfoil 
produces. 

2-13. Now let's review the four aerodynamic 
forces acting upon an aircraft: lift., weight, 
thrust, and drag. The lift of the airtoil acts up- 
ward at a right angle to the direction of the 
relative wind. Relative wind is the airstream 
striking the moving airfoil. The weight (gravity) 
acts vertically downward from the center i>f 
gravity of the aircraft. Thrust is the force which 
moves the aircraft forward during flight. Drag 
is the resistance* of the atmosphere to the air- 
craft's forward motion. When the"STrcraft is in 
straight and level unaccelerated flight, the lift 
equals the gravity and the thrust equals the 
drag. Figure 2 shows how the opposing forces 
balance each other^ The lift forces the airtoil 
up; at the same time, the resistance (drag) pulls 
^ the wing backward. The resultant action, con- 
sequently, is a combination of both motions, 
upward and backward. 

2- 1 4. The other two forces, thrust and 
weight, affect the airfoil movement. The thrust 
causes the airfoil to -move forward. The weight 
(gravitational pull) causes the airfoil to fall 
toward the earth. As you will iiote. the forces 
act in different directions and balance each 
other. If the lift is as great as the weight, the air- 
craft neither rises nor falls (cliiubs m)r dives): it 
the thrust is as great as the drag, the aircralt . 
does not move either faster or slower but moves 
at a constant speed. To go /aster, we merelv 
make the thrust larger than the drag, and the 
aircraft accelerates. Soon the thrust and drag 
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again equalize. Now the aircraft no longer ac- 
celerates but moves uhead at U constant speed, 
but faster. 

2-15. The last t>vo principles to consider in 
our review of flight are: the laws of lift and of 
the venturi. The flrst law can best be illustrated 
by holding your hand put of the window of a 
moving automobile. As you tilt your hand, the 
force of the air against your hand has a ten- 
dency to move it. The airfoil, ill this case, is 
your hand, and it deflects the wind, ^is action 
creates a pressure on the lower surface of your 
hand, forcing it upward and backward (lift and 
• drag). The second law relates to the venturi 
principles. You learned about Venturis in Sec- 
tion 2 of Volume 2. There we applied the prin- 
ciples of jet pumps, but they also apply to air- 
foils. When an airfoil moves througii the air, 
bi>th the airfoil shape and angle of attack cause 
the air to be deflected. The deflection slows the 
air below "the airfoil, causing a high-pressure 
area under the surface. The air moving across 
the upper surface of the airfoil travels a longer 
distance. This causes an increase in air velocity. 
This increase in velocity produces low pressure 
I'text to the upper-surface of the iiirfoil. In this 
manner, a pressure differential acting on the 
top and bottom of the wing creates the lift. As 
the speed of the airflow increases, the pressure 
differential (and lift) also increases. 

2-16. We have already pointed out that drag 
is the resistance of atmosphere to the airfoil's 



forward motion. The drag will always ac^ 
parallel to the relative wind. The relative wind 
is the direction of the airflow with respt:;^t to 
the airfoil. If an airfoil is moving forward 
horizontally, the relative wind moves rearward 
horizontally. If the airfoil is moving forward 
and downward, the relative wind moves rear- 
ward and upward. The angle of attack of an air- 
toil directly controls the distribution of 
"pressure abjpve and below it. The angle of at- 
tack can be deflned as: the angle between the 
Ihord of an airfoil and the direction of Che 
relative wind. Whenever one of the conditions 
is changed, it will affect another. For example, 
"if speed is increased, angle of attack will 
change. This speed increase causes a pressure 
change above and below the airfoil. The 
pressure change causes the aircraft to climb 
because of a greater lift from the airfoil. To 
maintain constant lift, the airfoiP^ velocity must 
be decreased as its angle of attack is increased. 
You can see from this, then, how the necessary 
liftjor flight is produced. 

2-17. Flight characteristics. There are three 
axes about which an aircraft may turn, as shown 
in figure 3. These axes are imaginary lines 
passing through the aircraft's center of gravity. 
You might think of these axes a^s imaginary axes 
around which the aircraft turns like a wheel. 
Each of the axes is perpendicular to the other 
two. The axis that extends from the nose of the 
fuselage to the tail is the longitudinal axis. The 
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axis that extends crosswise, from wingiip to 
wingtip, is the lateral axis. The axis that passes 
vertically through the center of gravity is called 
the vertical axis. The motion about the 
longitudinal axis is called roll. The motion 
about the lateral axis is called pitch. Motion 
about the vertical axis is called yaw. When the 
attitude of an aircraft is changed, in flight, it 
will move around one or more of its axes. 

2-18. Now you have become familiar with a 
few of the characteristics of flight and the dif- 
ferent forces that act on the aircraft. Let us next 
look at the various surfaces used in controlling 
movements of the aircraft in flight. 

2-19. Flight Control Surfaces. It is very 
simple to change the direction of a bus, car, or 
truck by merely turning the steering wheel. This 

movement, however, is only on one plane the 

lateral. By contrast, the directional movement 
of an aircraft is around three- axes — lateral, 
longitudinal, and vertical. It represents an 
unlimited number of planes of movement. This 
movement of the aircraft is controlled primarily 
by flight control surfaces. These are located on 
the trailing edges of the wings and stabilizers. 
Figure 4 shows yarious flight control surfaces, 
2-20. Elevators, The elevators are used to 



make the aircraft dive or climb. This is done by 
controlling the angle of the surface with respect 
to the air flowing over it,. The elevators are 
hingea to the trailing edge of the horizontal 
stabilizer. They are connected so that they 
always operate together. Forward and aft 
operation of the control stick* moves the 
elevators up and down. This movement con- 
trols the aircraft about the lateral axis. Down- 
ward force on the tail causes the nose to rise 
and increases the wing angle of the attack. This 
increases the lift and causes the aircraft to 
climb if the speed is maintained. If the pilot 
moves the control forward, the elevators move 
downward. The lift will decrease and the air- 
craft will lose altitude. 

2-2 I . Rudder, The rudder is hinged in a ver- 
tical position at the trailing edge of the vertical 
stabilizer. !t is controlled by the movement of 
the rudder pedals, it guides the movement of 
the aircraft about the vertical axis. When the 
pilot applies pressure on the right pedal, the 
rudder moves to the right. The tail of the air- 
craft is thus forced to the left, rotating the air- 
craft about its vertical axis. When the tail^is 
moved to the left, the nose of the aircraft is 
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Figure 3. Thrtrc-ntyht axes n! an aircraft. 
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moved to the right. Pressure applied to the left 
pedal reverses this action. 

2-22. If the pilot makes a turn with a rudder 
alone, he normally finds that the aircraft will 
sideslip. This is similar to an automobile trying 
to take an unbanked curve too fast. The skid- 
ding is caused by centrifugal force. The pilot 
prevents this skid(iing (or sideslipping) ^by 
banking. Banking is the coordination of rudder 
and ailerons in a turn. 

.2-23. Aileroiis, The ailerons are located in 
the trailing edge and towshrd the tips of the 
wings. Their movement i^controlled by the 
pilot's control stick or wheel. From the pilot's 
control the linkage is arranged so that if one 
aileron goes up the other goes down. For a 
right turn, the right aileron is raised, which will 
force that wing down. The Teft aileron has 
moved down, which results in more lift on the 
left wing; the wing will then rise. 

2-24. Movable horizontal stabilizer During 
flight at transonic (at speed of sound) speeds, 
the airflow over the horizontal stabilizer 
creates shock waves. These shock waves form 
air fences ahead of the elevators that result in 
the loss of elevator control. 

2-25. To correct this, present-day aircraft 
are equipped with a movable horizontal 
stabilizer. It gives the pilot faster and firmer 
control over his aircraft. The control stick is 



connected to the horizontal stabilizer through 
mechanical and hydraulic units. These aircraft 
have no elevators, and the pilot flies the aircraft 
with the horizontal stabilizer. When the 
stabilizer is rotated, its leading edge moves 
down and the aircraft tail is forced down; they 
nose of the aircraft moves up. 

2-26. Elevons. The flight of delta-wing air- 
craft control surface requires a different 
ajrrangement. The trailing edge of the wing will 
provide the only place for mounting. Both 
aileron and elevator are combined in one sur- 
face called elevons. These are illustrated in 
figure 5. They are connected in such a way as to 
operate together as elevators "when the control 
stick is moved forward and aft. They operate as 
ailerons when the stick is moved from side to 
side. 

2-27. Tabs. Tabs are of three types: fixed, 
trim, a^d booster. They are located on the 
trailing edge of controls such as the elevator, 
rudder, and ailerons. Their reaction in the air- 
stream, however, is the same in all three cases. 
For example, we wish to trim an aircraft in 
pitch. In order to raise the nose oY the aircraft, 
the tab must be moved down. The reason for 
this is clearly shown in figure 6. The primary 
control surface, in this case the i^evator, is 
hinged to the horizc^ntal stabilizer. The tab in 
turn is hinged to the elevator. A movement of * 
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Figure 5. Delta wing contlguratiDiK 

the tab causes a powerful movement to be exer- 
ted on the primary control surface. The result 
of this force is a small movement of the elevator 
in the opposite direction. Therefore, if the tab 
is moved down, the elevator will move up. 
Since the aircraft responds only to the action of 
the primary control, the tail will drop. This 
raises the nose or the aircraft. 

2-28. The fixed tab is attached permanently 
to the trailing edge of the primary surface. It is 
bent uniformly ind is manually adjusted while 
the aircraft is on the ground. Its purpose is to 
compensate for an unbalanced condition of the 
contrql surface. ^ 

2-29. The trim tab is more complex in con- 
struction than the fixed tab. It is controllable 
manually by the pilot or automatically by an 
electric motor. Therefore, trim can be changed 
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as conditions, such as wind direction or load, 
change. 

2-30, The booster tab is sometimes called a 
servotab. It is used on large aircraft which have 
very large primary control surfaces. The pilot 
manually moves the booster tab. and, in turn, it 
moves the primary surface. 

2-31. Spoilers. Spoilers are of several dif- 
ferent types. In effect, they momentarily destroy 
or interrupt a part of tjie lift pattern gmi a wing. 
Figure 7 shows the action of one type of 
spoiler. ^, 

2-32. This spoiler consists of a hinged flap 4 
inches wide and about 4 feet long. It is recessed 
into the upper chamber of the wing (see fig. 4). 
In the top part of figure 7, the spoiler is not 
used. The fiow of air over the wing is smooth 
and uninterrupted, and the full lifting power of 
the wing is realized. However, assume that a 
gust of air has caused thie left wing to go down 
The automatic night control system instantly 
sends out a signal for the spoiler on the right 
wmg to rise. By this action, the lift of the right 
wing IS "spoiled'^ by the turbulence created by 
the spoiler. The right wing will begin to drop 
(Sec bottom part of fig.. 7.) Since the spoiler on 
the left wing is still recessed, the lift on that 
wing IS now greater. This results in the left 
moving itself up to normal level flight/ While 
this is going on, the right wing spoiler moves 
back to the recessed position. 

2-33. An ^nded spoiler causes drag on 
one wing which may cause the aircraft to yaw. 
Therefore, when the spoiler extends, the rudder 
may be actuated at the same tiqie to prevent 
yaw. 

2-34. Speed brakes. These are used to in- 
crease drag to slow the aircraft and reduce lan- 
ding distance. Several types of speed brakes are 
in use. The principle of operation is the same 
for combination or independent systems. Some 
aircraft use a combinination spoiler speed ^ 
brake system. On others, the systems are in- 
dependent of each other. When the spoilers are 
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Figure 8. Leading edge slot. 



used as speedl brakes, both sides will rise 
together. Some of these combination systems 
also allow the speed brake to be raised in 
various degrees. Fighter aircraft often use 
another type. Usually, this is just a large spoiler 
extended from the lower fuselage area. 

2-35. Slots. The slot is basically a high lift 
device and is located along the leading edge of 
a wing. Refer to figure 8 and notice that view A 
shows a wing without slots. In view B, we have 
the same wing^ shown with slots. With the use of 
slots, the angle could be increased by 8° or 10°. 
Slots allow air to flow between them and the 
wing. This path causes the air to follow the 
camber in a laminar flow for a longer period. 
This guided flow prevents turbulence from 
destroying the negative pressure pattern. Slots 
are a valuable device for increasing lateral 
stability. Therefore, they are used with very 
slow flying reconnaissance aircraft or when lan- 
ding high-speed aircraft. Most slot devices are 
retractable. 

2-36. Wing flaps. The wing flap is a dual- 
purpose control, used to increase lift and also 
used to increase drag. Wing flaps are located 
under the trailing edge of the wings. Normally, 
about 25 percent flaps down is used for takeoff 
and full down flaps are used for landing. The 
increase of lift and drag means a slower landing 
speed and a steeper gliding angle. 

207. Besides the simple flap, there is the 
split flap consistir^ of a hinged section of only 
the lower chamber. The upper chamber remains 
stationary as partt^Plhc wing structure while 
the lower section drops. 

2-38, The most efficient type of flap is the 
Fowler fiap. In this type, the flap movers down 
and slides aft on a track at the same time. This 



type is more effective, because it increases wing 
camber. 

2- 39. The flight control surfaces have to be 
attached to larger structural units if they arc to 
control the aircraft's flight. We should now 
direct our attention to these larger components. 
We also want to know something about theii 
construction. 

3. Aircraft Construction and Identification 

3- 1 . The parts of an aircraft which perform a 
certain function or related functions make up 
the structural units. Structures will vary a great 
deal according to the size and purpose of the 
aircraft. There are certain basic units common 
to most aircraft. These units jj,re the fuselage, 
wings, stabilizers, control surfaces, landing 
gear, and , nacelles. Stabilizers, the stationary 
tail surfaces, and the cintrol surfaces are 
constructed much like the wings but are 
smaller. Therefore, wo will not discuss the^n in- 
dividually, but we'll cover the fuselage, wings, 
and landing gear. 

3-2. Fuselage. This is the central body of the 
aircraft which contains compartments for the 
crew, passengers, cargo, and operating equip- 
ment. The fuselage also supports other units 
such as tR(b wings and stabilizers. By referring 
to figure 9, you can see how the fuselage is con- 
structed. The main support members running 
force and aft are longerons. Formers are used 
to give the fuselage shape and are ^in- 
terconnected by stringers. To separate the 
various compartments and also add to struc- 
tural support, bulkheads are installed. 

3-3. Wings. The wing is an airfoil designed 
to create most of the lift required for fiight. In 
some cases, it also provides dttach points for 
engines and landing gear. T^ie wings are sub- 
jected to bending and twisting forces during 
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Figure 10. Wing construction. 

flight and. therefore, must be strong. The back- 
bone of the wing is the spar (or spars). Figure 
10 shows the spar(s) as a long beam running 
spanwi^e (lengthwise) of the wing. The spars are 
tapered to conform to the shape of the wing. 
Fittings on the large end of the spar are used to 
attach it to the fuselage. Wing ribs are fastened 
to the spars to give the wing its shape. They also 
transfer the wing load from the covering to the 
spars. 

3-4. Landing Gear. The landing gear is 
either fixed or retractable. The gear consists 
of the main wheels, a tailwheel or nosewheel, 
and the supporting strjits. The landing gear cau- 
ses drag during flight and, therefore, reduces 
airspeed. For this reason, the fixed type is used' 
only on small, slow flying aircraft. The 
retractable type landing gear is drawn up into 
the wings or fuselage during flight. In the 
retracted position, the wheels and struts do not 
cause any drag. Therefore, the speed and range 
of the aircraft are increased. There are three 
basic types of retractable landing gear: the con- 
ventional, tricycle, and bicycle. The con- 
ventional type received its name in the early 
days of flight. It consists of two main gear and a 
tailwheel. The tricycle type is similar to the 
conventional type except that it has a nosegear 
instead of a tailwheel. The tricycle version is 
the most widely used of the three types. An air- 
craft with a bicycle type landing gear has main 
gear near the nose and tail sections of the 
fuselage. Small gear toward the wingtips 
balance the aircraft on the ground. 

3-5. Nacelles. In multiengine aircraft, each 
engine or powerplant is inclosed in a structure 
called a nacelle. The nacelle provides shelter 
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for the ^owerplants and accessories. It is 
streamlined to prevent drag. In the case of 
single-engine aircraft, the powerplant is moun-' 
ted in the fuselage. 

3- 6. From what you have read about the 
major structural units, you may conclude that 
aircraft can be designed in a variety of patterns. 
This is true; the intended function of the air- 
craft determines its design. This brings up a 
need for a system to identify the various types. 
The Air Force has such a system, and it is our 
next subject for study. The last part of this sec- 
tion will present another system. This \% a 
system of index stations designed to pinpoint 
specific locations in the aircraft. 

4. Aircraft Types, Distinguishing 
Characteristics, and De&jgnators 

4- 1. There usually ar^/number of different 
aircraft existing withiff^type at any one time. 
Yet, because all aircraft of one type have a 
specific function to perform, they have similar 
characteristics. Also, the identifying 
designators are intended to emphasize such, 
grouping. 

4-2. Aircraft Types. Military aircraft are 
grouped according to the Basic mission for 
which they were designed, such as bomber, 
cargo, fighter, and trainer. Bombers are usually 
large multiengine aircraft so that they can carry 
a heavy bomb load long distances. Fighter^^ir- 
craft are usually smaller, faster aircraft with 
one or two engines. They are used to intercept 
and- destroy another aircraft or missile or are 
used for ground support missions. 

4-3. Cargo or cargo/transport aircraft are 
usually large, multiengined aircraft designed 
. for carrying cargo or passengers. Some cargo 
aircraft carry cargo and passengers at the same 
time. Others can be quickly converted from one 
to the other. ^ 

4-4. Trainer aircraft, "on th^other hand, are 
usually small aircraft wit^fSne or two engines. 
Pilot training aircraft have only two crew 
positions — one for the student andpne for the 
instructor-pilot. 

4-5. Distinguishing Characteristics. The 
different models of aircraft can be identified by 
their differences in appearance. Refer to the 
drawings of aircraft in figure t I as we discuss 
these differences in the following paragraphs. 

4-6. The wing is one of the major identifying 
characteristics. Notice such things as whether 
or not the wing is straight (F-I04C), sWept- 
back (B-52G, C-135B, C-i41A, and 
4C), or delta (triangular shaped) 
(F— 106A). The position of the wing on the 
fuselage is important for identification; for 
example', liote the high wing on the B-52G 
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Figure II. Aircraft idcmiticulion. 
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and C— 141A or the low wing on the C— 135B downward (or negative) dihedral. Note the 
and F— 4C. Another wing characteristic that is downward dihedral of the horizontal stabilizer 
helpful in connection with aircraft iden- of the F— 4C and the upward dihedral of the 
tification is its dihedral (the slant of the wing F— 4C wingtips. 

from root to tip). The C— 135B has upward 4-7. Another characteristic used in aircraft 
dihedral, and the B — 52G and F— 104C have^ identification is the engine. Engines are moun- 
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led in single pods the 0-1358 and 

C~ 141 A. and in dual p» as on the B-52G. 
In fighter aircraft, they may be within the 
fuselage. Other aircraft (not illustrated) have 
engines mounted in the wings (B-57), on the 
wings (C-123), or on the aft fuselage 
(C~140A). Of course, the type of engine 
(reciprocating, turboprop, turbojet, or tur- 
bofan) is helpful in identification. 

4-8. The empennage or tail assembly is 
usually an aid in the identification of aircraft. 
Note the *T" tail of the F~104C and the 
C— 141 A. Also, note the distinctive empennage 
of the F~4C with the extreme downward 
dihedral of the horizontal stabilizer (called a 
slabilatbr on the F-.4C), The F-I06A delta 
wing also serves the additional purpose of 
horizontal stabilizer. In addition, notice the ex- 
freme sweepback of the vertical stabilizer with 
its squared-off^ tip. Almost everyone will 
remember the triple vertical stabilizer of the 
C— 121A Constellation (not pictured), 

4-9. The fuselage of an aircraft also has 
distinguishing characteristics, particularly in 
the cpckpit area. Notice in figure 1 1 the in- 
closed cockpits of the B--52G, C-135B, and 
C— I41A; the bubble canopies of the F— 4C 
and F-104C; and the sharp-pointed wind- 
shield of the F~ 106A. 

4-10. System of Designation. All USAF air- 
craft are designated as to mission or type, 
model, ^d series by a combination of letters 
and numerals. The Secretary of Defense set up a 
common system of designation for all Depart- 
ment of Defense aircraft in July 1962. 

4-11. Numbering system. The mission or 
type is represented by a single letter. The basic 
mission or type symbcfl is separated from the 
following model number by a dash. The letters 
and missions or types they represent are as 
follows: 
A — Attack 
B — Bomber 
C — Cargo/Transport 
E — Special electronic installation 
F — Fighter 
H — Helicopter 
K — Tanker 
O — Observation 
p_Patrol 

R — Reconnaissance . ^ 
S — Antisubmarind^ 
T — Trainer 
U— Utility 

V_VTOL and STOL (vert ical and short 
takeoff and land) 
X — Research 
Z — Airship 

4-12. The second digit in the aircraft 



designator is the model number. A new aircraft 
is assigned the next consecutive model numbef 
within its basic mission/type. For example, the 
Air Force has a cargo aircraft designated the 
C-9A (this is a modified civilian DC-9 jet 
hospital); therefore, the next cargo aircraft will 
be designated C~ 1 OA whether it is built for the 
Air Force, Navy, Army, or all.lSo, when a new 
aircraft is planned, it will be assigned the next 
consecutive number for that type; yet, yOu may 
never see that aircraft on the flight line. The 
reason you don't see it is that not every aircraft 
designed becomes operational. 

4-13. The series symbol is a letter which 
follows the model number. The first series of an 
aircraft model is always "A." Series changes of 
the same model are indicated by a new series 
letter. The series letters are assigned in 
alphabetical order, except for "I" and "O," 
'which are not used to avoid confusion with the 
numbers - 1 (one) and 0 (zero). Major dif- 
ferences in basic design' require a change in the 
"■aircraft's series symbol. Example: The 
C— I 35A uses a conventional jet engine and the 
C— I35B uses a turbofan jet.. 

4-14. Sometimes a basic aircraft is modified 
to perform a different mission from the original \ 
desi^ mission. When this occurs, a modified 4 
mission symbol is added as a prefix. For exam- | 
pie, the reconnaissance version of the F~4C is 
designated the.RF~4C. and the tanker version 
of the C-I35A is the KC-135A. The 
modified mission symbols, with an example of 
the use of each, are as follows: 
A— Attack (AF- I E). 
C— Cargo/Tfansport (CH-21C). 
D— Director (DT-33A). 
E — Special electronic installation 

(EB--47H), 
H— Search/Rescue (HC- 1 30B). 
K— Tanker (KC-I35A). 
L— Cold weather (LC~I30F). 
M — Missile carrier (MF— 3B). 
Q— Drone (QB--47E). 
R — Reconnaissance (RF — 4C). 
S — Antisubmarine (SH — 34J). 
T— Trainer (TF~102Ay 
U— Utility (UH~13T). 
V—Staff (VC~137A). 
W— Weather (WB-47E). 

4-15. In addition to the modified mission 
and basic mission and type symbols, a status 
prefix symbol may be used. This is to indicate 
aircraft that is being used for ex- 
perimentation and special or service test. This 
symbol is always a prefix to the modified 
mission or basic mission/type symbols. It can- 
not be confused with a modified mission sym- 
bol, for the status prefix symbol uses a different 
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set of letters. The status prefix symbols with 
some examples are as follows: 

G— Permanently grounded (GF-IOOA). 

J — Special test, .temporary. 

N — Special test, permanent (NF- 104A). 

X— Experimental (XB-70A). 

Y— Prototype (YAT-28D). 

Z — Planning. 

4*16. Now we have learrted the system of 
designation for aircraft.^Nexl, let's take an air- 
craft and learn how to locate specific units on 
it. 

4-17. Locating aircraft units. With the in- 
crease in size and complexity of aircraft, the 
mechanic's job could be very difHculi. He must 
become familiar with more systems and units. 
So to make your job easier, the aircraft use a 
system of imaginary lines. These are guidelines 
to help you locate the components. They are 
called water lines, buttock lines, and station 
numbers. Figure 12 shows these lines and 
stations. 

4*18. First, we must have a fixed reference 
line as a starting point. We might think that the 
nose of the aircraft would be a good place for a 
fixed reference. But suppose, as sometimes hap- 
pens, the nose is entended several feet to house 
some new equipment. Then there would be 
units on both sides of our reference line. This is 
not good because we would have to use positive 
and negative station numbers. Therefore, some 
point several feet in front of the nose is used as 
a reference. This is called station 0. Going back 
from station 0, the fuselage is laid out in more 
stations. Notice in figure 12 that the nose of the 
aircraft is at station 30.4; this leaves room for 
modifications. Station numbers are given in in- 
ches. 



4-19. Next, look at view A of Hgure 12. and 
you can see that we have vertical lines called 
buttock lines. Buttock lines (BL) 0 will be in 
the center with a series of buttock lines piuallel 
ingoing right and left. To complete our 
locaTjjj^n, we need one more reference line. 

4-20. Water lines (WL) run horizontally and 
will complete the location of the unit. Water 
lines are similar to station numbers, since water 
line 0 is somewhere below ifie aircraft. Nvnicc 
in figure 12 that the static ground line is WL 
105.4, so we will work from that point to the 
top of the fuselage. An example of a location 
would be: slaj^on 357, BL 61.62 L. WL 200. 
This location is shown in figure 1 2 by a circle 
with an X in it. It appei^rs in both the side and 
end views. 

4-21. Wings, nacelles, and stabilizers use 
station numbers, buttock lines, and water lines 
as thq, fuselage does. To aid iii location of winu 
components, the engines on nvultiengine air- 
craft are numbered from left to right (eng. No. 
1 , No. 2, etc.). Locations of units on the engine 
are like on a clock, such as No. 2 engine. } 
>)'clock position. All aircraft and enuinc 
locations are given as viewed from ihe reai ot 
the aircraft looking forward. 

4-22. Aircraft that carry fuel in ihe wings 
without bladders or internal tanks are called 
wet wing aircraft. This type uses the skin of the 
wing to contain the fuel. However, they will 
have dry bays behind the engines to house com- 
ponents. So. we could locate a unit as being in 
the No. 3 engine dry bay forward ol ihe cenicr 
spar. This system of location is a great help in 
locating cojnponenis. ♦ 




CHAPTER 2 



Principles of Electricity 



DURlNCi THE early days'ot aircraft hydraulic 
sysicins, ihc need toi undcrslanding electricyy 
wdb limited. At that time, we used engine- 
driven pumps, hand pumps, and manually 
operated valves Ni>w, ht)wevcr, the modern air- 
craft hydraulic systemb are almost entirely elec- 
trically controlled and hydr^ically actuated. 
Remote units can be actuatea%lmost instantly 
by movement of an electrical switch. The switch 
energizes^ circuit which initiates the hydrifulic 
t peration of the unit. Thus, the system operator 
needs to know little more than when to flip a 
v.crtain switch. - - ^ 

2. This is not true of the pn^draulic 
tiicchanic. He must be able to locate and repair 
ir«>ubles in hydraulic systems. But, he must first . 
determine if it is an electrical or a hydraulic 
failure. To do this, he must have at least a fun- 
damental knowledge of. electricity. This chapter 
will help you to develop your electrical 
knowledge. We will study symbpis, types of cir- 
cuits, and the relationship of current, voltage, 
and resistance. Next, we will discuss common 
circuitry troubles. Tc> help in locating circuit 
problems, we will go into the use of the volt- 
ohm-milliamter. 

5. Electrical Fundamentals 

5-1. No doubt yi)U have used electricity 
many, thousands of times — in lights, fans, 
radii>s. razors, and other devices. When you 
turned on the switch, chances are that the ap- 
pliance worked. There are two reasons that it 
did: (1) Closing the switch completed a con- 
ductor path from the electricity source, to the 
unit, and back to the source. (2) There were 
cimntless free electrons in the conductor 
moving through the conductor (current). These 
electrons were pushed and pulled respectively 
by the — and + poles of the source. The source 
may be a battery, generator, or alternator. 

5 -''2. Electrons are tmy negatively charged 
particles and are parts of atoms. All atoms are 
made up of electrons, protons (positively 
charged particles), and neuironr> (neutral par- 
ticles). Pri>tons and n^^utrnr.s mikc up the 



nucleus or core of the atom. The electrons orbit 
around the nucleus like the planets orbit 
around the sun. Every natural substance is 
made up of identrcally b.uilt atoms. No two sub- 
stances are made up of the same structural 
atoms! Electrons are in constant motion. In 
some substances, the qU^rmost- electrons are 
loosely held. The attraction and repulsion of 
the iwo^ poles of a power source moves the elec- 
trons<^hey cause one loosejy held electron of 
an utom to jump to the next atom. Now this 
secoh4-«tom is overloaded by one electron. At- 
^ traction and repulsion then causes an electron 

the gainer atom to jump to the third atom, 
/fl^nd — so on and on. This flow of electrons is 
called current. 

5-3. The number of free electrons varies with 
the substance. Some substances have a com- 
paratively large number of free electrons. 
Current can flowlhrough them with ease. Such 
substances are called conductors. In general, 
metals and their alloys are good conductors. 
Copper, for example, is the common conductor 
used in aircraft to conduct electricity in the 
various systems. 

5-4. Othey substances contain only a small 
proportion of. free eJectrons and offer con- 
siderable resistance to the transfer of electrons. 
These substances are called insulators. They are 
used to insulate conductors and keep the elec- 
tric.current from flowing in undesined paths. 
Some common insulators are mica, glass, rub- 
ber, bakelite, and plastics. 

^-5. Electrical SymboLs. Every science has 
its own language — oral and written. The field 
of electricity is no different. We communicate 
electrically by means of wiring diagrams. A 
wiring diagram tells^how a circuit is built and 
how it operates. It shows all the wires or con- 
ductors used, tlj^e components, and-^iyjw 
everything is connected. Wires are represented 
Oil the drawing by straight lines. Switches, 
solenoids, circuit breakers, etc., are not drawn 
out, but a symbol for each is used. Figure 13 
shows these symbols, with names, that might ap- 
p'Mr on a pneudraulic wiring diagram. You* 
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Figure 13 Elcctfical synihols. 
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need to know these to be able to read even a 
simple pneudraulic wiring diagram. Refer to 
thcni t)t*ten. 

5-6. Electrical Circuits. The electricity used 
^ to operate devices in an aircraft flows in a cir- 
cuit when the switch is closed. This flow has a 
number of characteristics that we should know 
about. We will discuss these in, the following 
paragraphs. 

5-7. Electric current that flows only in one 
direction through a conductor is called direct 
current (dc). Direct current is produced by a 
battery or by a generator. Most pneudraulic 
control circuits are dc. 

5-8. The electricity you use in your home or 
shop or for your power tools is alternating 
current (ac). In commercial ac electricity, the 
directit)n of current flow changes I 20 times per 
sec(>nd. It alternates at a 60-hertz rate (a hertz 
is 1 cycle per second). Modern aircraft use ac 
electricity of 115 to 400 hertz. It is seldom 
used in pneudraulic systems. Ac is produced by 
an diternator, never by a battery. 

5-9. A complete electrical circuit is a path 
thrt)Ugh which electrons can flow. An electrical 
circuit is shown in figure 14. We will Velate this 
to a hydraulic system. It cpnsis.ts of a battery 
(accumulator) which stores electrical pressure, 
two conductors (pressure and return lines), a 
fuse (relief valve) Tor protection, a switch (con- 
trol valve), and a lamp (actuating unit). In 
figure 14, we show only a simple system. There 
are many other units used in electrical systems. 
We niight point out that a generator serves the 
electrical system in the same basic manner as a 
hydraulic pump. 

5-10. Electrical Terms. Before going too 
deeply into electrical circuits, we must be sure 
we understand certain terms. We shall explain 
several. ^ 

5-1 1. EU'ctii 'nhtivi' jnrce. The pressure that 
forces free elccti\>ns ihi ^ugh the ctrnduciwis 
and electrical devices is called electronu.tive 
force. Other names for this pressure are voltage 
or difference of potential. On aircraft, elec- 
trom()tive force is supplied by generators and 
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Fiuurc 14. An clecirfcal circuit. 



alternators (which convert mechanical energy 
intt) electricaj energy). The unit of 
measurement of electromotive force is called a 
volt and is measured by a voltmeter. Most of 
the present aircraft have 28-volt dc electrical 
systems. 

5-12. Voltage drop. This is the amount of 
voltage (pressure) used to drive the current 
through a unit (resistance) in the circuit. For 
example, assume that the battery in figure 14 
puts out 6 volts; also, that the switch is closed 
and we will disregard the tiny resistance of the 
fuse, wire, and switcl^. We say that we have a 6- 
volt battery because the difference of potential 
(see paragraph 5-11) between its t^W-fySies is 6 
volts. On one side of the lamp there are owqUs 
of force and on the other are-0 volts. AnXdif- 
ference of pt)tential is used up in the exterigr 
circuit between the battery poles. So, we can say 
that there is a 6-volt voltage drop across the 
lamp resistance. This lights the lamp fully. 

5-13. Now, let*s put two of the same size 
lamps in the circuit in series (one after the 
other). The same voltage is to push the'sam/e 
flow of electrons through both lamps. Will both 
lamps burn brightly? No, because we saw that 
this specific size lamp requires a 6-volt drop^ 
through it to be fully lit. Does this mean that^ 
the second lamp will have no voltage left to 
drop (consume)? Actually, this is what will hap- 
pen: Since both lamps are the same size, each 
will have a 3-volt drop across it. This will 
probably produce only a dim glow in each. To 
make both lamps burn brightly, two smaller 
candlepower lamps must be used. Each of the 
smaller lamps will burn brightly with a 3-volt 
drop across (through) them. 

5-14. On the basis of what we have learned 
about voltage drop, we can make these 
statements: The voltage drop in a*yvorking cir- 
cuit is equal to the voltage applied to the cir- 
cuit. Also, the total voltage drop in a wc^rking 
circuit is equal to the sum of the individual 
drops in series. 

5-15, Current. The flow of electrons is 
called electrical current. The unit of 
measurement of current is called an ampere and 
is measured by an ammeter. 

5-16. Before the discovery of the electron, it 
was assumed that the flow of current was from 
positive to negative. This concept was known as 
the conventional direction of current flow. 
Scientists now agree that the electrons in 
motion are the current, and that current flows 
from negative to positive. This is known as the 
electron theory direction of oyrrent flow. The 
electron theory method is the recognized 
method of current flow today. 

5-17. Resistance. The opposition to the flow 
of current offered by the conductors within a 
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circuit is called resistance. The amount of 
resistance offered by a conductor depends 
upon: ( 1 ) the material of which the conductor is 
made — some metals conduct better than others; 
(2) the length of the conductor — resistance in- 
creases as the length increases; (3) the cross- 
sectional area — as the thickness of the con- 
ductor increases its resistance decre.ases; and 
(4) the temperature of the conductor — in most 
conductors the resistance increases as the tem- 
perature increases. However, in a few cases the 
temperature has an opposite effect. The unit of 
measurement of resistance is called an ohm. 
TKe instrument by which resistance is measured 
called an ohmmeter. 

5-18. Ohm's law. There is a definite relation- 
ship between the voltage, current, and 
resistance of any electrical circuit. If the 
voltage is increased, the current increases 
proportionately. This relationship is known as 
OJ)m's law (so called in honor of George Ohm 
who first discovered it) and is generally stated 
as follows: The current in a circuit is equal to 
the voltage divided by the resistance. 
Mathe^matically it is written as: 



^ £ 
R 



vuliaue 

current = ^ 

resistance 



5-19. Remember the triangle formula we had 

in.JChapter I of Volume 2 for basic hydraulics 

(F = /4 X P>? We have a similar triangle for 

electricity. Figure 15 illustrates the Ohm's law 

formula. / stands for current in amperes, E for 

voltage in volts, and R for Resistance in ohms. 

Thus, if the source of voltage in a circuit is a 6- 

volt battery and the electrical device is a bulb 

having 3 ohms of resistance, the current will be 

6 E 
— , or 2 amperes (/ = — ). 

3 R 

5-20. You can find the voltage across a com- 
ponent of a circuit if you know its resistance 
and the currenj[^>lrrough it. Example: if you 
know that the current through a lamp is 2 am- 
peres and resistance of the lamp is 3 ohms, you 
use the formula E I X R- You fiwl that the 
voltage across it must be 3 X 2, or (i volts. 

5-21. You can find the resistance of any cir- 
cuit component if you know the voltage across 
it and the current through it. Suppose you know 
that the voltage across a lamp is 6 volts, and 
the current through it is 2 amperes. You can 
find its resistance by using the formula 



R = 

6 
2 



/ 



The resistance, then, is 



— , or 3 ohms. 



5-22. With the formula in figut'eol 5 and two 



known quantities (current, voltage, or 
resistance), you can figure out the remaining 
^unknown quantity. An easy aid in remembering 
the three relationships is the triangle formula. ^ 
Place your finger over the quantity you don't 
know. The positions of the other two tell you 
how to find it. If one is above the other, divide 
the one above by the one below to find the 
unknown quatitity. If they^are alongside each 
other, multip*ly them together to find the 
unknown quantity. 

5-23. Types of Circuits. Electrical circuits 
can be divided into'^ihree general 
classifications: series, parallel, and series- 
parallel circuits. Most that we use will be either 
parallel or series-parallel. 

5-24. Series circuits. A series circuit is one in 
which there is only one path which the voltage 
can force the current. The circuit shown in 
figure 1 6 consists of three resistances and a bat- , 
tery, connected to form a series circuit. Since 
there is but one path for the current, the 
amount of current is the same throughout the 
circuit. If a thousand electrons leave the 
negative battery plate, a thousand must return 
to the positive plate. The total resistance is 
equal to the sum ofrtlie resistances in the cir- 
cuit. If one device (motor or lamp) in a series 
circuit burns out, there is nq longer a complete 
path for the current. As a result, fio current will 
flow, and-the other devices in the circuit will 
not operate. The order in which components 
are connected in series does not affect the 
current of that circuit. With current through 
resistance, there is voltage drop across it equal 
to I X R. Each time current passes through a 
resistance it reduces the remaining voltage to 
the remaining resistors. The potential dif- 
ference, if measured by a voltmeter, between 
the two ends of a resistor is the voltage drop. 
Total voltage drop is tKe sum of the voltage 
drops in the circuit. 

5-25. Here is how you use Ohm's law in 
Solving a series circuit problem: 
Problem: * 

In the series circuit diagram shown' in figure 
16, three resistances are .connected in series 
across a 24 -volt power source. A voltmeter 
across each resistance has determined its 
voltage drop. An ammeter placed in series in 
the circuit has determined the current that is 
flowing at that point. 
Find'. 

a. The total voltage drop. 

b. The total current. 

c. The resistance of each unit and the^ total 
resistance. 

Given\ 

We can read the following facts from the 
figure: 
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TO*FIND I (AMPEKES) 
PLACE THUMB OVEK I 
AND DIVIDE E BY R 
AS INDICATED. 

E = VOLTS 



TO FIND R (OHMS! 
PLACE THUMB OVER R 
AND DIVIDE AS 
INDICATED. 

I = AMPERES 



TO FIND E (VOLTS) 
PLACE THUMB OVER E 
AND MULTIPLY AS 
INDICATED • 

R = OHMS 

42-112 



Figure 15 Ohm's law lorinulu. 



a. The*l5altcry puis out 24 volts. 

b. The ammeter reads 4 amps. 

c. The voltmeter reads an 8-volt difference 
of potential across Rx^ 12 volts across Ri, and 4 
volts across /?3. 

Solution: 

a. The total voltage drop Er = 8 + 12 + 4 
— 24 volts. 

b. The gurrent in a series circilit'^s the same 
in all parts of the circuit and is equal to 4 am- 
peres. It is 4 amps through each resistor. 

c. Resistance of each unit is equal to voltage 
divided by the current for that unit. 



m — ~ 
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, — » 2 ohms 
4 



( ^' ^ 



R, - 



i2 
4 



3' ohinf 



» 1 ohm 



The total resistance: 



R ' R 

T ' 



2 + 3 + 1 



6 ohms 



Double check: r 



6 ohms 



/ 4 

5 'It. Parade! circuits. Most of the electrical 
devices in aircraft electrical systems are con- 
nected in parallel. In a parallel circuit, two or 
more paths are provided for current flow. The 
voltage drop across the'devices in each parallel 
path is the same in all paths. Total current in 
thi^ circSjt is equal to the sum of the currents 
flowing M each path, Therefore, the total 
amount orycurrent is greater than the cyurrent in 



any individual path. Total resistance of the en> 
tire circuit is less than^the smallest resistance of 
any path. (By Ohm's law — the current is greater; 
therefore, the resistance must be less.) The 
more paths the current hgs to follow the less 
overall resistance to its flow there is. 

5-27. Electrical devices are connected in 
parallel to allow them to be. operated in- 
dependently. If one device in a paralleTcircuit 
burns out, the others, may still be operated. 
(One paWr^-broken, biit the xothers are still 
complete.) 

5-28. Figure 1 7 consists of three lamps and a 
battery, connected to form a parallel circuit. 
We will use^Ohm*5 law to solve a parallel cir- 
cuit problem. 
Problem: 

The voltages and current for figure 17 were 
measured and found to be as indicated on the 
figure. 
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Figure 16.* Scries circuit. 
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dividing the voltage across the lamp by the 
current which flows through the lamp. 
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» 12 ohms 
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- 6 ohms 



d. The total resistance (/?7i in a parallel cir- 
cuit is equal to the voltage divided by the total 
curreat. 



Figure 17. Parallel circuic 

Find'. 4 

a. The voltage drop across each lamp. 

b. The total current. 

c. The resistance of each lamp. 
' d. The total resistance. 
Given: 

We can read the following facts from fihe 
figure: 

a. The battery delivers 24 volts. 

b. Two amps of current flow through palh K 
6 amps flow through path 2, and 4 amps flow 
through path 3. 

Solution: 

a. The voltage drop in parallel circuits is the 
same across each path". In this circuit. It is 24 
volts. 

b. The total current (Ir) in a parallel cTrcuit 
c, col. 2 ^ 

h - /, + ^. /, . 2 +*6 + 4 - '12 amps 

c. Find the resistance of each lamp by 



E 
I 



24 

12 



2 ohms 



This proves the statements made in paragraph 
5-26 concerning parallel circuits: Total 
resistance (of the entire circuit) is less than the 
smallest resistance of any path. 

5-29. Series-parallel circuiis. In a series- 
parallel circuit, some units are in series and 
others in parallel. In the circuit shown in figure 
18, the resistor is in series with the lights, but 
Hhe lights arc in parallel with each other. 

5-30. To solve a series-parallel circuit 
problem, flrst convert it to a series circuit. To 
do this, substitute an equal resistance for the 
parallel resistances; then solve the series cir-' 
cuit. The solution of the following series- 
parallel circuit shows how this^can.be done. 

Problem: 

In the circuit shown in figure 18, a resistor is 
in series wi;h four lamps in parallel with each 
other. 
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Figure 18. Series-parallel circuit. 
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Find: 

The currents in the varies parts of the cir- 
cuit. 
Given: 

a. The battery delivers 24 volts. 

b. The resistor is of 5 ohms. 

c. Each of the 4 lamps has 4 ohms t>f 
resistance. 

Solution: 

a. The 4 lamps in parallel have equal 
resistance. Therefore, total resistance is equal 
to the resistance of one unit divided by the 
number of units. 

b. Since the resistance of each lamp is 4 
ohms, the resistance of the four lamps in 
parallel is 4/4, or I ohm. 

c. Now, \substitute a I -ohm resistor for the 
four lamps. See the right-hand circuit in figure 
18. Add the two resistances in series and you 
have 5 + 1, or 6 ohms total resistance. 

d. The total current in the circuit is 4 am- 
peres -24_= 4). 

f 6 

€. Since, the total^ current must flow through 
the resistor, the current through it is 4 amps. 

/. The total current flow through all four 
lamps is 4 amps. Since all the lamps have equal 
resistance, the 4 amps of current Avill divide 
equally among them. This gives each lamp 1 
ariip of current. 

5-31. Method of Wiring. In. most aircraft 
electrical systems, single-wirq circuits are used. 
That is, only one wire is used to connect an 
electrical device to the source of electromotive 
force. The circuit is completed back to the bat- 
tery or generator through the metal structure of 
the airplane. In such circuits, the airplane 
structure is called ground, and the terminals 
connected to it are sai^ to be grounded. Single- 
wire circuits remove the need for a second wire 
and thus save material and weight. 

5-32. Solenoids and Relays. A charac- 
teristic of electricity is that it can produce a 
magnetic field around a conductor. This occurs 
when current is passed through a coil of wire. A 
coil concentrates the field built up around a 
wire. The strength of the magnetic field 
depend^ upon the number of turns of wire in 
•the coil plus the* amount of current passing 
through it. The magnetic field can be seen by 
placing a bar of iron partly into a coil of wire. 
When current is applied to the coil of wire, the 
bar is drawn in. While under the influence of 
the magnetic field, the iron bar will become a* 
temporary magnet. It is this electromagnetic 
principle which operates solenoids and relays. 
In the solenoid, for example, an iron bar is held 
halfway out of the coil by a spring. When the 
coil is energized, the bar moves in rapidly. This 
action can be used to position hydfaalig valves, 
operate switcfies^and pepform other duties. The 
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relay has a permanent fixed iron core to con- 
centrate the magnetic field. When eiiergi/.ed. 
the magnetism of the coil attracts a movable 
iron contactor. This action, in turn, closes a 
switch to complete a circuit or performs other 
duties. The reason for using a relay or solenoid ^ 
is that a small wire and current How can 
produce swift mechanical action. This action 
conipletes circuits involving larger wires , and 
higher voltages and cu^rrent in remote areas. ^ ' 

5- 33. Up to this point, we have discussed 
direct current (dc). We will not go into alter- 
nating current (ac) because a pneudraulic man 
rarely comes into contact with ac circuits on 
aircraft. In the next section, the knowledge we 

. have gained §o far will be applied in a practical 
way. We will study electrical circuits, common 
circuit troubles, and how to locate and identify 
the troubles, 

6, Circuitry Troubles 

6- 1. Many electrical systems have in- 
dependently acting circuits within the system it- * 
self. All of these individual circuits must work 
properly, or the parent circuit will malfunction. 
For example, a parent circuit might control a 
sequence of operations performed by a 
mechanism. If one of (he independent circuits 
fails, its operation in the sequence would be af- 
fected. 

6-2. Most troubles which are apt to oci in 
any electrical circuit stem from three basic 
causes: open circuits, short circuits, and groun- 
ded circuits. First, let's examine these three 
basic causes of trouble. Then we'll briefly con- 
sider a few other troubles which you may en- 
counter. 

Open Circuits, If current is to flow in a 
circuit, two primary . requireinentSs, must be 
fulfilled. There must be a difference in poten- 
tial (voltage) and a complete path tn/ough 
which the electrons can move. Should one of 
the wires become broken, the circuit is in- 
terrupted. The movement of the electrons will 
cease. An incomplete circuit caused by a break 
in the wire is called an o^en circuit, or open. 
Another possibility is that one of the main con- 
ductors has pulled loose. In this case, no unit in 
that entir^system would operate. ^ 

6-4. To learn how to locate an open in an ^ 
electrical circuit, study figure 19. The circuit 
shown contains a lamp which is in series with a 
single-throw switch and a fuse. Section A of the 
figure shows the normal voltage reading bet- 
ween the various points of the circuit and 
ground. If the lamp fails to function, the circuit 
should be cfiecked in progressive steps. Begin * i 
with either the source voltage or the last 
voltage reading. You may choose to work from 
the battery toward the lamp. Or, you may start 
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from the lamp, and work toward the battery. 
You will choose whichever method is easier. 
Section B of the Figure $hows that there is 
voltage at one connection of the fuse and not at 
the other. Since a fuse is a conductor, you 
should normally get the same reading at both 
ends. Obviously, you will conclude that the fuse 
is open. Section C of the figure shows voltage at 
one ^connection of the lamp, but no voltage at 
the other. This is normal if the lamp were bur- 
ning. But, the lamp fails to light. The obvious 
conclusion is that the trouble lies within the 
lamp itself. The voltage is pushing no current 
through it. «^ 

6-5. In Section D of the figure, the lamp does 
not light. Yet the voltmeter shows there is full 
voltage gojng into the lamp. So far, everything 
looks normal. But in spite of the 24 volts in the 
lamp, it still won't light. So we check further 
and find 24 volts at the other side of th^mp. 
This is not normal because if the lamp lights, 
this reading is zero. This tells us that even 
though there is voltage or pressure in the lamp, 
there is no voltage drop across it. If there is no 
. voltage drop across the lamp, is there a current 
flowing through it? No. If no current flows, no 
; work is being done and the lampsglament is not 
' heated. Obviously, there must be an open 
somewhere in the circuit. Since there is voltage 
above and through the lamp, the open must be 
beyond the lamp. Jt must be in the ground wire. 
Another voltmeter check farther down the 
grourfd wire proves our reasoning. 

6-6. In figure 20, you find two lamps, R and 
G, They are wired in parallel so that they can 
be controlled by the use of a double-throw 



switch. With the switch Th the OFF (center) 
position, there is no complete circuit. Neither 
lamp will operate. When the switch is moved to 
the BRIGHT position, a circuit is completed 
through the switch. It continues through, both 
lamps and back to the battery. With the switch 
in this position, the only resistance in the cir- 
cuit is that of the lamps. When the switch is in 
the DIM position, the circuit is completed 
through the lamps as before. However, this cir- 
cuit has an additional! resistor in series with the 
lamps. This added resbtance causes the current 
flow to decrease because the total circuit 
resistance is greater. The lijiiips will burn with 
less brightness than before. 

6-7. If one of the lamps operates and the 
other does noi, what or where would you 
suspect the malfunction to be? In this case it 
was not necessary to check the complete circuit 
^10 fihd the broken wire. You know the part of 
the circuit up to point A is common -to both 
lamps. That much of the circuit must be com- 
plete for either lamp to function. The place to 
begin checking the circuit,^ then, is beyond 
point in the affected part of the circuit. 

6-8.|ln circuits like the one illustrated in 
figure/20, use a voltmeter as an aid in locating 
the malfunction. The ground lead of the volt- 
meter should normally be connected to the 
metal structure of the aircraft. Move the 
positive terminal of the voltmeter froju A to B 
to C in succession. By doing this, you will be« 
able to check the continuity (continuousness) 
of wires AB and BC. If there is voltage at point 
B but none at point C, it indicates that wire BC 
is open. 
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Figure 20. Troubleshooting u light circuit using u voltmeter. 



6-9. You can make this same check with an 
ohmmeter, but you will have to take several ad- 
ditional steps. These are indicated in figure 21. 
The first step is to remove the electrical power 
from the circuit. This you do by placing the 
control switch in the OFF POSITION. Next, 
you open the junction of the wires at point 
A to prevent completion of the ohmmeter 
circbit through light R. Then, with ond\terminal 
of (he ohmmeter grounded to the aircraft^trtic- 
ture, you can check |he continuity of the wires. 
We will proceed from point D toward the end 
of (he disconnected wire at point A. There is 
a continuous circuit ^to ground from a check 
point if there is a low resistance on the ohm-)}^ 
meter. With the ohmmeter test lead moved to 
points C and B in succession, each reading 
should add a few ohms. If infinity (oo) is sud- 
denly indicated on the meter, an open is the 
cause. Such a reading occuring when the test 
lead is at B indicates an open in line BC. 

6-10. Often you can almost locate the open^ 
by studying the circuit diagram before 
checking. Suppose both lamps in figure 20 
operate when the circuit control switdi is in 
the BRIGHT position. Neither lamp operates 
when the switch is in the DIM position. If the 
lamps operate normally in the BRIGHT 
position, you can assume that the wires aDd 
bulbs are good. Throu^fi^this process^f 
elimination^ you kndw that one of the 
remaining units is at fault. It must be the 
resistor, the wires that connect it to the circuit, 
or (he switch. Now you have narrowed down 
the possibilities to one area by reasoning. Your 



next move is to locate the exact fault with a 
meter. By using your head, you eliminated a lot 
of random meterwork in the good circuits. > 

6-11. Short Circuits. The insulatieli 
specification for aircraft wiring is normally set 
tQ withstand 600 volts minimum. The greatest 
number of insulaUon troubles results from 
abrasion. Normally, the wiring arrangement 
allows no great amount of movement between 
wires. All possible points of chafing are 
covered with rubber or cork protectors. Despite 
these precautions, accidental contact between 
uninsulated lengths of conductors sometimes 
occurs. These accidental low-resistance circuits 
are known as short circuits. Short circuits often 
result jn a peculiar cycle of events. Example: 
When you close the switch for one device, it 
operates normally, but other components or en- 
tire systems operate also. Every electrical cir- 
cuit is protected in some way against an elec- 
trical overload. There is either a fuse or a cir- 
cuit breaker near the power source. These 
devices will automatically open the circuit 
when it is overloaded by a short. A continuous 
short circuit between *bare conductors might 
cause an electrical fire aboard the aircraft. 

6-12. To find a short circuit, it is necessary 
to electrically isolate the suspected circuit from 
all others. This is best done by disconnecting 
each circuit at bdth ends, as shown in figure 22. 
In this figure there are two lamps, R and G; 
each is controlled by a separate switch. With 
tl^^ircuits electrically isolated, place an ohm- 
meter between the two disconnected sections. 
Normally, the resistance measured between^ two 
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Figure 21^ Troubieshooting nn open circuit using an ohmineter. 



such disconnected sections is infinity. However, 
if a short circuit exists between the two wires, 
low resistance will show on the ohmmeter. An 
infinity reading at any of these points indicates 
that the two wire segments being tested are 
shorted to each other. Bear in mind that |his 
method of testing for short circuits is only one 
of many which you may use. Probably, you 
may, with experience, develop your own 
method of using the ^ohmmeter in finding 
shorts. 

6-13. Many times short circuits occur as a 
result of poor electrical connections injunction 
boxes. These boxes are metal containers which 
house a number of insulating strips. Each of 
these insulating strips h3s a number of stud-type 
posts. Wire end terminals are attached to them 
to join other wires for completion of the cir^ 
cuit. After two or more wire ends have been 
placed ^on a stud, a nut is installed to hold them 
together^ When the nut is tightened, the wires 
should be held to prevent their/turning with the 
nut. Each terminal end shou^ have insulation 
over the barrel of the terminal. This prevents 
accidental short circuits between- terminals at- 
tached to adjacent studs. 

6-14. Electrical malfunctions are often 
caused unintentionally. Example: A mechanic 
working inside a junction box accidentally 
drops a screw or nut down among the maze of 
wires. This object will^ften lie there unnoticed 
when iheNyork is finished. Then during a flight 
this loose part, may be thrown^ about and this 



makes electrical contact between terminal 
^ points. The time used to extract such loose 
parts from any piece of electrical equipment is 
well spent. It may save an ai/plane and the lives 
of the crew. 

^ ,6-15. Grounded Circuits. In aircraft wiring, 
the negative connectioh from the equipment is^ 
made to the airframe. This method of wiring 
uses the metallic parts of the aircraft structure 
as a conductor. This reduces the number of 
wires required. Systems so wired are called 
grounded systems. 

6-16. Sometimes an energized lead loses its 
insulation and contacts the metal aircraft 
frame. This can be a crippling and dangerous 
situation. Such contact is commonly called a 
ground. In the true sense, this is a short circuit, 
as discussed in the; preceding paragraphs; but, 
because the structure of the aircraft is included, 
we call them grounds^or shorts to ground. 

6-17. When a bare lead touches the 
structure, a circuit is completed. It is from the 
negative terminal of the power source through 
the aircraft structure to the point of contact. 
From there, it is through the lead back to {he 
source of power. Since this circuit has little 6r 
no resistance, very lar^e currents will flowX 
Thisl^rge current flow will overload the wiring ^ 
and cause it to burn if the circifit is not quickly 
broken. Heavy arcing may occuf at the point of 
contact and burn away the metal. A hot wire 
toucfiing a fuel or hydraulic linej»^can be 
disastrous. Therefore, fuses and cfircuit breakers 
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open the circuit as soon as the current How ex- 
ceeds a maximum amount. 

6-18. It is very important that all wiring be 
checked periodically for any signs of insulation 
abrasion. If this condition is found, it should be 
corrected immediately to prevent further 
damage, 

6-19. If you suspect a wire of being groun- 
ded, disconnect both ends of the suspected 
wire. Connect one lead of the ohinmeter to'the 
* airframe and the other lead to one end of the 
wire. If the wire is not grounded, it will have a 
resistance ^of many ohms (possibly millions) 
between it and the airframe. A circuit that is 
grounded will indicate no ohms resistance 
when the ohmmeter is^ connected as above. In 
many cases, the defective wire can be identified 
by its burnt appearance. A check of other, wires 
in the group or bundle must be made to see if 
others have been damaged. All damaged wires 
should be replaced at this time to reduce the 
possibility of future troubles. 

6-20. Other Electrical Troubles. T^e 
preceding paragraphs have dealt wKh three of 
the most common troubles found in aircraft cif- 
cuits. You will probably find other troubles 
which you will have to eliminate. K^ep your 
troubleshooiing techniques flexible so that they 
will be adaptable to any problem. 

6-21. ^ow or high voltage can also give you 
trouble. A good example would be the electric- 
motbr-driven pump. Low voltage Will cause the 
motor to run too slowly and overheat. High 
voltage will cause the motor to run too fast. 

6-22. Another source of trounle *is the 
problem of loose connections. \In/checking a 
circuit*, the mechanic frequently finds , it 
necessary to disconnect terminjmxtit various 



points. He should take extreme care to recon- 
nect the wires in the pr()per tirder and make 
sure that the connection is secure. If he forgets 
the order, he should check the TO wiring 
diagram b^fyre making any connections. Loose 
connections can cause a piece of equipment to 
function only part time. In addition, every time 
the terminals separate, an arc is produced 
which^ will, in time, burn . the terminal. 
Replacement is not difficult, but it is costly in 
man-hours and aircraft operating time. Fur- 
thermore^)o()se electrical connections may lead 
to the dcveU>pment ()f short circuits. 

6- 23. In previous paragraphs, we n\<ntioned 
the use of voltmeters 'and. ohmmeters in 
checking circuits, Nt^xt, we will learn how to 
use test meters. 

7. Use of thcA^olt-Ohm-Milliameter (VOIM) 
in Locating Electrical Troubles 

7- 1 . Without electrical troubles, there would 
be a marked reduction in the work that the 
pneudraulic mechanic has to do. However, 
identifying and locating electrical troublH can 
be an exciting and thought-provoking part of 
your work. In order to do this, you will need to 
use a VOM (volt-ohm-niillialiieter). Let's 
briefly review a few points about this piece of 
test equipment. 

7-2. An AN/PSM-6 series VOM, one of 
which is shown Jn figure' 23. is a typical, 
general-purpose, precTsTon test instrument, it is ^ 
used for measuring volts, amperes, and ohlns. 
pThe test readings are indicated on one of three 
scales. They are the ac voltage scale ("bottom), 
the dc voltage' and milliampere ^cale (middle). 
Mini the ohms scale (top). The VOM shown in 
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figure 23' is controlled and, adjusted by* a 
RiJ^NGE selector switch for selecting the 
desired scale range; the FUNCTION switch for 
selecting the proper, crrcult for measuring volts, 
ohqs, pr miiiiamperes';' arul an OHMS ADJ 



knob for zeroing the pointer on the ohms sgale. 
This pointer- must be zeroed to compensate for 
a decrease in b'attery voltage due to age and use. 
The two> test jacks are the plug-ins for the red 
(positive) and biack^ (negative) test leads. 
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7-3. Setting Up a IMulllmeter for Voltage 
Checks. Referring to figure 23, you will notice 
that the FUNCTION switch has |wo D.CV. 
(direct current volts) positions. In either 
position, the pointer refers to the same scale as 
set by the RANGE switch. The difference bet- 
ween the two positions is the number of ohms 
per volt; that is, one position (I K /V) con- 
nects to a lOOO.ohm-per-volt meter circuit; the 
other position (20 K /V) connects to a 
20,000 ohm-per-volt meter circuit. The 1000- 
ohm-per-volt meter circuit protects the meter 
against overloads but reduces its sensitivity or 
accuracy. 

7-4. Electrically controlled hydraulic com- 
ponents may be powered by either ac or dc 
voltage. Always check to see what type of 
voltage is used to operate the component. Let's 
assume that the components being checked 
operate on 28-volt dq. In this case, set the 
^ FUNCTION switch to the D.CV. 20'K /V 
position. Next, set the RANGE switch to the 
50-volt selection. Be sure that your setting is 
higher than the operating voltage of the com- 
ponent or circuit being tested. Next, install the 
' test leads into the input jacks. The black lead 
should be placed in the black input jack and- 
used as a ground. The red lead should be 
placed in the red input jack and used as the 
power lead. A voltmeter is always connected to 
the circuit in parallel and across the conductor 
or unit being checked. 

»7-5, After properly 'connecting the test leads, 
you arc ready to take the voltage readings. If 
you have a source of 24 volts, set the RANGE 
switdh to a 50-volt selection. The voltage 
reading is taken on the 0 — 5 division (center) of 
rtie dc scale. This scale^ is usied for the .5 — . 
50— , 'and 500-volt selections. For example, put 
the RANGE selector on^the 50-volt setting. If 
the pointer points to th^ 3 on the 0 — 5 scale, 
the voltage indication is 30 volts. Likewise, on 
the 500-volt setting, if the pointer points to the 
3, the voltage -indication is 3Q0 volts. 

7-6. This completed' the review on setting up 
the VOM for voltage measure^jients. Let's now 
discuss various indications you will get when 
using a voltmeter in ajj electrical circuit. 

7-7. Voltage Indications. From the 
previous discussion, you learned that a certain 
amount of voltage Is expended in forcing 
current through a resistance. Any time there is a 
difference in voltagie- between two points, 
current flows.. A voltmeter measures that dif- 
ference in electrical pressure. If there is no dlT- 
ference between the voltffieter lead tguchpoints, 
it will read zero. 
, . 7-8. Figure 24 sho\/s a circuit containing 
several voltmeters with various voltage in- 
dications. To properly troubleshoot an elec- 



trical system, you must understand why the 
various voltage indications shown in figure 24 
were obtained. 

7-9. Notice that the voltmeter D indicates 
24 volts, which is the voltage of the battery. 
Meters E and G indicate 24 volts, which is the 
amount of voltage drop across each of the light 
bulbs. Meter H indicates 18 volts, the voltage 
drop across the motor. This leave^ 6 volts, 
which is indicated on meter B. Meters C and F 
indicate zero volts/ because there is no voltage 
drop between the test leads. If there wertf' a 
broken wire between the switch and the fixed 
resistor, H and B would read zero. All other 
meters would read the same as shown. 

7-10. Notice that meter A indicates zero. 
This is true because there is no voltage drop 
across the switch. If this switch were opened, 
meter A would indicate a voltage drop of ap- 
proximately 24 volts. With meter A removed, 
meters B and H would indicate zero voltage. 
These same indications would result for an 
opened circuit breaker. An open in an elec- 
trical wire will^ give approximately source 
voltage when a meter is placed across an open. 
You may be wondering why there is a 24-volt 
indication across an open. You may wonder 
especially when a motor and resistor are in 
series with an open. When there is an open in1|| 
circuit, there is no current flow.* The entire cir- 
cuit on one side of the open will have the same 
voltage as the battery terminal to which it is 
connected. The entire circuit on the other side 
of the open will hav^ the voltage of the other 
battery terminal. There is a 24-volt difference 
between battery terminals. So there is a 24-volt 
difference across the open also. 

7-11. Actually, the vojtage indication across 
the open will be a fraction less than source 
voltage. The reason for this lies in the internal 
construction of the voltmeter. The ititernal 
resistance of a voltmeter is several thousand or 
possibly several million ohms. The value of a 
resistor and motor suci? as shown in* figure 24 
will be in the hundreds or lower thousands. 
When the meter is placed across the open, the 
cirduit is again completed through the internal 
resistance of the voltmeter. This voltmeter 
resistance is much greater than the other 
resistance in the circuit. Thejrefore, almost the 
entire source voltage is dropped across the , 
resistance of the voltmeter but a little does get 
through. That is why the reading is a little less 
than' the source voltage. This same source 
vdltage would be obtained eyen though a 
resistor were not installed in series with the 
motor. This source voltage reading is a very im- 
portant factor when you are trying to isolate an 
ppen.^ 
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Fit:urc 24 Voltatic mdicatluns. scrics-purallcl circuit. 



7-12. Selling Up a VOM for Ohmmeler 
Checks. Refer again to figure 23. When the 
FUNCTION switch is set on OHMS, the meter 
pointer is referenced to the top scale. 
Resistance values are expressed in ohms. The 
resistance scale may seem confusing at first 
because it reads just backward from the other 
scales. However, a little time spent studyijig the - 
scale will clarify this matter. When there are 
many ohms of resistance, only a little current 
will pass. This causes only a small moveme^^t of 
the pointer. When setting up the multimeter for 
ohmmeter checks, you first set the FUNCTION 
switch to OHMS. Set the RANGE switch to the 
value you estimate is enough to cover the 
resistance in the circuit. You may also want to 
consider the degree of reading accuracy 
required •in selecting the range. (This in- 
formation can be obtained from the applicable 
technical order.) Next, insert the test leads into 
the input jacks. Touch the test leads together so 
you can zero tlie meter. Gradually rotate the 
OHMS ADJ knob until the pomter fines up 
with the zero mark on the resistance scale. Af. 
ler zeroing the meter, you are ready to make 
your ohmmetQT checks. 

7-13. Ohmmeler Indications. When 
checking resistance with an ohmmeter, be sure 
the component is disconnected from the elec- 
trical system. Connection of the ohmmeter to a 
hot system could damage. the meter. 

7-14. Using an ohmmeter to check com- 
ponents for' internal opens or shorts. When 



using an ohmmeter, place one test lead at the 
component terminal where the voltage supply 
wire could connect. Place the other test lead to 
the component's ground terminal. If more than 
two wires lead into the component, use the ap- 
plicable schematic to determine the right wires. 
The meter now should give some sort of 
reading, depending on the amount of internal 
resistance of the component. A reading of in- 
finity at this point indicates: an open caused by 
a broken wire, excessive corrosion, or an ex- 
tremely loose connection. Conversely, a com- 
plete internal short up as a zero reading. A par- 
tial short shows up as a below-normal reading. 

7-15. Ustng an ohmmeter to check com- 
ponents for shorts between the internal circuit 
and the component case. Apply one lead to the 
case of the component and the other lead to 
each of the terminals except the ground. In this 
condition, a reading of infinity indicates that 
the internal circuit is not grounded out in- 
ternally. However, a reading of anything other 
than mtniity shows that the internal circuit is 
grounded out against the case. This may be due 
to not enough clearance between metal parts' 
and the case, or to broken insulation. 

7-16. This completes our subject of elec- 
tricity. It will not make an .electrician pf you 
and there is no reason you should be. But, you 
must 'have a basic knowledge of.dc electricity 
and electrical circuits. Without it, you cannot 
hope to become an expert pneudraulic 
mechanic on today's aircraft. 
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CHAPTER 3 



Pneud lie Power Systems 



EVERY AIRCRAFT hydraulic system has two 
major parts or sections, the power section and 
the actuating section (or s^fections). Power sec- 
tions develop, limit, and direct the pressures 
which actuate various iT\echanisms on the air- 
craft. This chapter will deal with the different 
types of hydraulic and pneumatic power 
systems. WeXvill discuss the different methods 
of developing and controlling pressure. 

2. All military aircraft use hydraulic power 
from a small to a large degree. The use ranges 
'^^^Dm only hydraulic wheel brakes lo large, 
Comdex systems with many components. On 
the other hand, pneumatic actuating systems 
Find |nuch less use. On a few aircraft, you will 
find several subsystems operated entirely by air. 
More common, however, are subsystems that 
can be operated either by hydraulic pressure or 
by air pressure. Also, some systems, usui^lly 
brakes, are operated H>artly by hydraufic 
pressure and partly by compressed air. 

* 

8. Hydraulic Power Systems 

8-1. The power section- may either be an 
**open-centpr" or a **closed-center" system. It 
may use either an engine-driven pump or an 
electric-motor-driven pump. In Section 7 of 
Volume 2, we discussed a basic power system. 
It was a closed-penter system in which the 
developed pressure is regulated by a regulator. 

8-2. 4n this section, we will discuss specific 
examples of hydraulic power systems. We will 
see how they function and the purposes of in- 
dividual units. We will also examine the types 
of units used in various aircraft hydraulic 
systems. First, we will discuss the open-center 
— sy^stem. 

8-3. Open-Ccnter Systems. Flow developed 
by the pump in an open-center system is con- 
trolled by open^center sel^tf^r valves. The 
maximum pressure developed is limited by 
system relief valves. In this type of system,.there 
will be no pressure until one of the selector 
valves is moved from neutral. In the neutral 
position, the open-center selector valve directs 



pump output back to the reservoir. When the 
selector valve is moved out of neutral, pressure 
builds up in the power and actuating sections. 
This happens because the path to the reservoir 
is blocked. Fluid now is directed to a unit to 
accomplish work. Excessive pressure are 
prevented by the relief valve. When an open- 
center system ifr not in use, the pump is said to 
be idling. This occurs because there is no 
pressure built up in the system; therefore, there 
"is no load on the pump. Constant-volunie-type 
pumps are used in open-center systems. 

8-4. An open-center system has Huid flow 
hut no pressure in the system while|at idle. 
Fluid circulates from the reservoir, through the 
pump, through the selector valves, and back to 
.the reservoir. (See fig. 25|, upper portion.) 
Selector valves in an open-center system are 
always connected in series. This allows free 
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passage through each selector valve back to the 
reservoir. If we rept^sitiun one selector valve, 
the flow is diverted to that section of the 
system. (See fi^. 25, lower portion.) Now 
pressure builds up in the pbwer^systeni and in 
the actuating system involved. We will not 
cover the open-center system in any greater 
detail |^a|ause few aircraft use it any more. But. 
you wilPfmd it commonly used on hydraulic 
test stands. 

8-5. Closed*Center Systems, The pow^ 
pump in closed-center systems^ can be either 
constant or variable volume. The pumps are 
usually engine-driven but may be electric- 
motor-driven. The constant volume pump's 
flow is regulated by an external pressure 
regulator. In contrast, the variable volume 



pump has an internal control. The pressure 
Control device directs the output of the pump 
(or pumps) either to the system or to the reser- 
voir. This depends upon the pressure needs of 
the system at the moment. The closed-center 
system has fluid stored under pressure 
whenever the power pump is operating. 
However, after system pressure is built up to a 
predetermined value, the pump is unloaded. In 
this way, the pump is allowed to idle until there 
is a further demand made by the system. 

8-6. The pump supplies the fluid needed to 
maintain pressure between "kick-out and kick- 
in" of the regulator. As long as pressure is bet- 
ween kick-out and kick-in, the pump is 
unloaded. The difference between kick -out and 
kick-in is called the operating range of the 
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Figure 2h. Typical closeJ.-cerj|er power system. 
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system. Do you recall the operation of a 
pressure regulator? Remember, when it is 
kicked-in, it is directing fluid to the system. As 
pressure reaches the desired point, the control 
device gdes to the kicked-out position. Fluid 
then is bypassed back to the reservoir and the 
pump runs unloaded. The power section will 
remain in this condition until pressure is lost. 
This can be through leakage or operation. 
When the pressure drops to the kick-in point, 
the flow again goes to the system. This cycling 
will continue as long as the pump is in 
operation. The accumulator in the system stores 
pressure and smoothes out the operation of the 
regulator. A system relief valve safeguards the 
system if the regulator fails. 

8-7. The selector valves of closed-center 
systems are arranged in parallel. With this type 
.arrangement, more than one subsystem may 
operate at the same time. This is an advantage 
over the open-center system selector valve 
arrangement. 

8-8. A typical closed-center system is shown 
in figure 26. Fluid flows from reservoir C to 
supply pump D. It delivers the pressure flow to 
the flow equalizer (B). This unit equally divides 
th^ flow between the closed-center system 



shown and a second system. The second system 
is connected to the tapoff shown downstream of 
the flow equali;f;er. The second syStem could be 
either an open- or closed-system. The flow in 
the system shown in the figure goes to the relief 
valve (A) and to the pressure regulator (N). 
From there, it is directed to the accumulator 
(F) and then to various actuating system control 
and selector valves. These are shown as callouts 
H, J, K, L and M. Return flow of fluid is passed 
through a filter in the reservoir to eliminate 
foreign matter. The system pressure gage (G) 
reads the system pressure. The accumulator air 
gage (E) gives the initial air charge pressure of 
the accumulator. 

' 8-9. The hydraulic pump is the heart of the 
hydraulic system. However, while the human 
system has only one heart, the hydraulic* 
systems have a variety of hearts or pumps. Also, 
a system ma^ave more than one. We will now 
^ee how pumps are used in a closed-center 
system. 

8-10. Use of dual power pumps in closed- 
center systems. Dual power pumps are used in 
many hydraulic closed-center -systems. Nor- 
mally, they are used on multilngine aircraft 
where they can be driven by separate engines. 
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Figure 27 Clnscd-cciilcr syslcni UMiij; dual power pumps 
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Some of the newer aircraft have two pumps 
driven- by the same engine. This assures 
hydraulic system operation should an engine 
fail or one of the pumps fail. Figure 27 shows 
how dual power pumps (D) are connected into 
the system. Notice that b^ih pumps combine 
their volume- output into a common pressure 
manifold. The pumps may be either the con- 
stant-volume or the variable-volume type. Line 
disconnects (C and E) are installed in the 
pressure and suction lines near the pump. They 
eliminate the need for draining the hydraulic 
system when the engine or power pump is 
changed. This arrangement also makes it easier 
to connect test stands. A line disconnect is a 
check valve which is held in the open position 



when c^nected. Upon removal of the line, the 
spring-loaded check valve closes, trapping the 
fluid in the system. 

^8-11. An ordinary check valve (B) is in- 
stalled in the pressure line of each pump. If one 
pump fails, this check valve prevents 
motorizing the dead pump. This could other- 
\vise damage the engine or even result in failure 
of the entire system. A regulator (A) is installed 
if the pumps are constant-volume pumps. 

8-12. Use of variable-volume pumps in 
\iosed-center systems. Variable-volunie pumps 
are desirable in many hydraulic systems. They 
tliffer from constant-volume pumps in that the 
fluid flow outnjit varies with the pressure of the 
system. The higher the system pressure, the less 
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ihii pump DUlpui; when the . system pressure 
reaches a predetermined setting, the pump out- 
put drops to zero. The use of this type of pump 
climmaies -the need for a pressure regulator in 
the system. This results in saving weight and - 
hydraulic tubtng. There are two types of 
variable-volume pumps coinmonly used: 
demand-type and stroke-reduction-type. 

8-13. A hydrjiulic system using a demand- 
type pump is shown in figure 28. In (his type * 
pump, the amount of fluid entering the pump is 
••constant, the output varies with the pressure in^ 
the system. This is regulated by the pump ct^n-^ 
*pensator. It does this by determining tife' 
ami>unt of fluid that is to be bypassed back to 
the reservt)ir. .Output' ifnrease.p and system 
pressure dt^i reuses, and vice versa. The typical 
power section shi>wn in flgure . 28 has two 
demand-type pumps (T) (i>nly i>ne is s'hown). 
Other c/)mponents consist of a fluid reservoir' 
(W). three accumulators (A and L), line filter 
(R). four (manually) controllable check valves 
(C. D. E. and F). a service shutoff valve (G). 
fire shuti)ff valve (S). and two low-pressure 
warning switches (P and H). This powjer section 
shi>vys hi>w varit>us parts of the system can be ^ 
isi>lated. This is done by the controllable check 
valves. ' / 

8-14. During normal operation, all con- 
trollable check valves except one (5^ are 
closed. This permits the entire system to be 
charged by the engine-di^iven pumps. The valves 
act as check valves- only when they are' in tlie 
CLOSED pi>sition. In the OPEN position, there 
is tree flow in both directions. 

8-15. Fluid from the reservoir (W) goes to * 
the pump (T) through the fire shutoff valve (S) 
and line disconnects (\J). Fluid under pump 
pressure goes through line disconnects and 
'check valves into a common pressure line. It 
/ ci>"}uinues through a line Alter (R) and on io the 
rudder b(H>st and camera door syst^ems at point 
X. It alsi\ gi>es through a contri>llablc check . 
vaUe (G) to the windshield system tapoff (B) 
and to the system relief valve (O). Fluid also 
flows through the other controllabfe check ' 
valve (E) and again to the system relief valve 
(O). mean also go to the brake system tapoff 
CM). The nosewheel steering system .tapoff (J ) 
also receives pressure from this soitrce. When 
controllable check valve F is closed, hand 
pump output from point N goes to the brake 
system- only. 

8-16. If valve F is open and valve G is 
closed, hand pump output goes to the brake 
system (M). ni>scwhecl steering (J), and wind> 
shield wiper system (B). If valves F and C are 
both open, hand pump output is supplied io all 
subsystems. The presMire \\.»rnin^ switch (P) 
operates a warning light it pn*s.sure in the 
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system drops below normal. Pressure switch H 
turns on a warning light when brake pressure 
dn)ps too low. The remaining callouts^'iif the 
figure are self-explanatory. . 

8-17. During maintenance; the controllabje 
check valve E can be closed to prevent pressure 
\\o\\\ entering the accumulators. Cowtrollablfe 
check valve D can be opened to depressurize 
the accumulators. This prevents accidental 
i>peratit>n of the brakes and nosewheel steering. 
The other items coiniected to the reservoir are 
part of the reservoiV pressurization systein. 

8-18. HydVaulic Power Section tjsin'g 
PriorUy Relief Valve. Today, many aircraft 
use a common hydraulK: pressure manifold to 
supply fluid ^o the subsystems. This' creates a 
need for a device to insure adequate brake 
pressure on landing if pressure drops below 
normai^An example is. a system where brakes 
and wing flaps use the samapVcssure manifold 
(rig.*Z9). ff flaps are raised soon after landing, , 
the brakes could be inoperative because of the 
sudden pressure drop. This would be caused by 
the large amount t)f'fluid taken from the system ^ 
to operate the flaps. To prevent this situation, a 
priority relief valve U)'is incorporated in the 
system. When the system has this arrangement, 
pressure builds up in the primary section flrst. 
Pressure must be above the requirement for the 
priinaYy systeni before it calico to the sectm- 
. dary. Thus. It is always possible to keep a* 
minimum pressure in one part of the 
Nystcin-^fi>r example, in the brake system while * 
(Operating the wing flaps. 
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8-19. A' convcnnonal relief valve is. not 
generally used^ as u priority valve.* This is 
because back pressure could affect its. 
(Operation. For example; let's assume that the 
pressurQp regulator (E) kicks out 'at 1000 psi. 
The priority valve (J) is slt^ to open at 60Q psi. 
This is determined by the spring force. 
Knqwing these two factors, you can figure out 
how much pressure is required to open this 
priority valve. The priority valve requires 600 
psi. The "pressure from the, atr load on the wing 
flap A acting on actuator B creates a back 
pressure equal to 500 psi. This is added to the 
spring force. So the pressure need^d^ is 1100 
psi'. , * ' V* 

8-20. If the pressure regulator fcidc-out 
pressure were adjusted to 1000 psi, the pnbrity 
couldn't open. System pressure would thence 
unable to get to' the wing flaps. To eliminalfe 
this'problem, the pressure regulator and relief 
valve could be adjusted higher. However, this 
may not be safe, due to the maximum pressure 
limits of the hydraulic pumps,' pressure 'lines, 
and seals. \ 

8-21. Back prisssure can be effectively 
eUminattd without changing pressures in the 
system. The use of a balanced-type relief valye 
(,K) will db ihe job nicely. The balanced relief 
eliminates thfe effects ^of back pressure by at- 
taching a rod to the' backside of the poppet 
(ball). This prevents back pressure from exer-' 
tftig its force upon the ball. This then allows the 
low^r pcessure to safely operate the wirig-^flaps. 
As inlet pressure rises above the priority relief 
valve setting, the ball moves off its seat. At this 
point, there will be free flow of fluid through 
the vaive for wing hap operation. Should the 
lime pressure drop below the setting of the 
priority valve, the ball, will reseat. The brake 
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. Figure 30. Basic electrically operated power system. 
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systcni will still fetain the pressure needed for 
instantaneous operation. The other callouts are 
sejf-explanatory. 

8-'22. Eieclrically Driven Power Sections. 
These power sections are mostly used to 
operate auxiliary and emergency hydraulic 
.systems. The power pump (F) may be a con- 
stant-volume type or a variable-volume type. 
The electric motor circuits are like the one 
shown schematically in_figure 30. The motor 
(E) is started by electrical switches that are 
closed either manually or automatically. Elec- 
tric power to the motor' is turned on tiy a 
manually operated start switch (C). Pressure is' 
maintained in the system at all times after the 
manual switch is closed. System pressure is held 
between certain set limits by the pressure switch 
(B). Whenevet^the pressure droops below ^ts set- 
ting, the switch points close and start the 
motor. When pressure again rises to the desired 
maximum, the points open. This breaks the 
electric circuit, causing the pump to stop. The 
accumulator (G) smoothes out pressure surges 
and prevents rapid changes in system pressure. 
R^lier valve A is installed to relieve excess 
pressures if the pressure switch fa(ls. We might 
say that the^ pressure switch itself is a type of 
pressure regulator. » ' \ 

* * . 

, 8-23. We. have seen that we can fairly easily 
determine'what makes up the power section of a 
hydraulic system. This i^.not the case, though, 
in a pneumatic system. We will attenjpt to find 
nhe reason for this and answer other/questions 
concerning pneumatically operated syyems in 
the pext section. 

9. Higfi*Pressure Pneumatic System 

9-1. One of the main differences between a 
/pneumatic and a hydraulic system is the sim- 
pjicity of the pneumatic pow^r section. The 
- pneumatic power section usually consists of 
one or more high-pressure air flasks, ^pressure 
gages, and pressure warning lights. Sometimes 
there, are devices to hold back a reserve of 
.pressure for certain .essential functions. 
Ariother difference is that the pneumatic power 
source does not replenish itself during flight. 
The compressed air supply is good for only a 
certain number of operations. That is why many 
pneumatic systems are only used for emergency * 
; purposes. (There l]ave been aircraft that had 
small engine-driven air compressors to refill 
starter system air flasks during flight.) 

9-2. Because of the relatively small use of 
pneumatic systems in military aircraft today 
and also because of their simplicity, we will not 
discuss the power and the actuating systems 
separately. We will cover hoik in this section. 
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First, let's consider some general charac- 
teristics including those of the power section. 

9-3. Oehcrul Pneumatic Information. Air- 
craft pneumatic systems are mostly used as an 
emergency source of pressure tor hydraulically 
operated subsystems. However, in some cnses^ 
air is the^source i)t' pressure to normally actuate 
^rnits. Figure 31 is a .schentatic of a typical high- 
pressure pneumatic system and its component 
parts. High-pressure pneumajtic systems are 
constructed to operate in much the same man- 
ner as hydraulic systems. 

9-4. A shuttle valve is used Uo connect the 
pneumatic system to the hydraulic system. This 
allows the use of the same tubing and units for 
bothiysrems. Notice in figure 31 that the speed 
brake, nosewheel well door, nose landing gear, 
main laniliAg gear, and landing gear doors have 
shurrle valves (L. N. and O). They separate the 
nornii^l hydraulic system froin^he pneumatic 
system. Pneumatic system selector valves (M 
and P) control the arir to these subsystems. The « 
remaining, subsystems in figure 31 have com- 
poyenrs which are iV)rmally actuated by air 
pressure. Each subsystem is connected to the 
high-pressure pneumatic air source through a 
pressufe regulator and relief valve assembly (C. 
G. and H) and a selector valve. Pneuniatic 
selector valves are installed in parallel. 
Therefore, air pressure is immediately availaHle 
to all subsystems for instant operation. Con- 
nected in this mani|er. n^^re than one;system 
can be operated at the same time. In a 
pneumatic system, the return lines from the 
selector valves are. vented to the atmosphere. 
This is also true of the pressure regulator and 
relief valve. 

9-5. Referring to figure 31. notice that air 
for the high-pressure pneumatic system is 
stored in four flasks. Three are nonpriority air 
flasks (D) and one is a priority air flask.(A'). Air 
,is also stoned in the two drag brace ac- 
cumulators (J) (only one is shown). The. flasks 
and accumulatofs are charged simuJtaileously 
through a ground test filler connection (F). A 
portable nitrogen cart or high-pressure air com- 
pressor is used to serviceMhe flasks. All 
nitrogen or air is filtered by filter E in the ser- 
vice line. The following subsystems are 
operated from the storage flasks: combustion 
starter, canopy. armam«yit displacement ac- 
tuators and bay doors, drag chute/and barrier 
overrun probe, rudder feel, wheel brakes, and 
ram air ttjrbinc. Pres^iice is available for 
emergency operation of the landing gear and 
speed brake systems if the hydraulic system 
fails. Notice that a priority valve (B) is installed 
between the prioril^ flask (A)^and nonpriority 
flask, (D). If pressure is -ihove 1400 psi. air can 
flow botfi ways througl ^!ic v-ulvc. The priority 



valve saves the last 1400 psi of air pressure to 
operate the ram air turbine, drag chute, speed 
brakes,"'and landing gears. A pressure .switch 
and warning light are installed to warn the pilot 
if pressure drops to 1500 psi. 

9-6. Starter System. Refer to the left side of 
figure 31. The -starter system consists of a 
manual shut off valve, solenoid -operated 
pressure regulator shutoff valve? and starter. 
The pneumatic starter for the aircraft .engine 
u^es high-pressure air from the air flasks or an 
external unit. The manual shutoff valve (Q) per- 
mits the starter to be run from a ground air 
'compressor. It isolates the starter from the air- 
craft storage flasks. It must be opened though 
^vhen the aircraft pneumatic supply is to be 
used. A combination regulator and shutoff 
valve reijuces the ^lir pressure to 300 psi for 
s,tdrter operj^ion. After startup, the manually 
operated shutoff valve will always be put into 
the OFF position (ground supply). 

9-7. Armament System. The schematic in 
figure J32 represents one half of ihlrarniament 
system. The system consists of pressure 
regulators, selector valves, cylinders, restric-* 
tors, and check yalves. ThQ armanient bay 
doors are operated % I 100 psi (0id the 
displacement actuators by 1500vpsi. The doors 
are;locked in the up position by internal locks 
the avtuati^rs. The internal locks are 
u^ forked when opening pressure is applied to 
the actuating cylinders. As you study the 
schematic, notice that one air line to the 
displacement actuators applies air pressure to 
two different areas. This line is the up line. One 
are"'a is to the normal retraction side, and the 
other is to the buffer chamber. The purpose of 
this buffer chamber is to trap 1500 psi of air. It 
slows the retract cycle of the cylinder and 
prevents damage to the assembly. This process 
of stowing the operation is called snubbing. 
Restrictors in the open and close ports of cylin- 
ders allow free inflow of air but restrict the out- 
flow. This restriction provides further snubbing 
action in the cylinders. Snubbing also controls 
the length of time for door opening and closing: 
^9-8. Wheel Brake System. Air brakes 
operated by hydraulic relays are installed on 
the main landing gear. Air pressure for brake 
operation is stored in the hollow main landing 
gear drag braces. The drag braces serve as an 
accumulator, storing air at 3000 psi. Drag 
brace accumulators are shown in figure 33. 
They always hold enough pressyure for brakings 
even if all other air pressure is lost. The aircraft 
brake system consists of: two master brake 
cylinders, relay valves, drag brace ac- 
cumulators, relief valves, check valves, and air 
filters. The brake system is hydraulically con- 
trolled and pneumatically operated. 
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Figure 33. Pnuuinaitt- brake system. 



9-9. The airbrake system that is shown in 
figure 33 is operated by using the rbdder 
pedals. The pedals are mebhanicahw:onnected 
to the brake master cylinders. The pedal 
movement causes fluid to flow from the master 

^ cylinder and creates pressure. This pressure 
operates the brake relay valves, TJj^rake relay 

, valves then direct air pressure from the drag 
brace accumulators* to the brake assembly. 
. Check valves installed upstream in the pressure 
line isolate the drag brace from the main air 
system. Air filters are installed for the purpose 
of cleaning the air before it reaches the brake 
relay valves. 

• 9-10. Air pressure regulators and relief vafVe 



\ 



assemblies are irtstalled-in each subsystem. The 
relief valves are incorporated within the 
regulator assemblies. Together, the]g reduce the 
air pressure to the desired value. The relief 
valve prevents overpressurization of these 
systems4n the event of a regulator malfunction. 
Three main system reliefj^klves have been in- 
stalled in the main, system to limit maxima^ 
system pressure. There is one relief valve for 
each drag brace and on© downstream of the 
priority flask (hot shown). 

9-11, This concludes our discussion of 
hydraulic power sections and pneumatic power 
and actuating systems. The next chapter will 
Hiscuss hydraulic actuating systems. 
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Hydraulic Actuating Systems 



THE PURPOSE of arfV hydraulic system is to 
provide a means of doing useful work. Gan you 
imagine cranking a landing geaf or wing flaps 
up^'Or down by hand? Not many years have 
elapsed since some military aircraft used this 
"manual , method. Modern aircraft - are more 
powerful and much larger, and their com- 
ponents are heavier. Today's aircraft fly much 
faster, and therefore their control surfaces are 
subjected to greater loads. It N^^uld be hard for 
a pilot to operate the flight controls without 
power assist/in today's high performance air- 
craft. Furtltermore, it would not be very prac- 
tical. Although our present-day aircraft systems 
are hydraulically'actuated, some of them in- 
corporate manu£^l emergency operation. 

2. We have discussed the enormous 
mechanical advantage that majr be obtained" 
wrth the use of a hydraulics. In Chapter 3, we 
discussed- the power section. Vou were shown 
how we obtained and controlled a stable 
hydraulic fluid pressure supply. 

3. In this chapter, we will discuss the ac- 
tuating sections which use the pressure supply 
to move various aircraft units. Some actuating 
'sections are more c^mplex than others. Com- 
plicated followup mechanisms or intricate elec- 
trical systems are incorporated in some. The 
detailed description ^^nd operation of these 
systems is beyond the scope of this 'course. 
However, a general knowledge of systems is 
essential to the 'pneudrauiic mechanic. With 

' this .knowledge, he can perform both the 
necessary inspections and maintenance. 

4. Actuating systems can be divided into 
categories on the basis of various factors. 
Several bases for division will be used in this 
chapter^ best accomplish our purpose. We 
will first consider actuating systems and 
their units as belonging^ to two 
classes— ^nonautomatic and automatic. These 
will be presented in Sections 10 and 1 1 . In each 
section, we will use specific actuating systems jjs 
examples and to show variations. 

5. In Section 12, a group of systems will be 
"given which we will classify as miscelUneous, 



The function and size of the^e systems vary 
from those to be covered in Sedibns 1 0 and 1 1 . 
Also, they combine some nonautoinatic and 
automatic features. ' ' 

6. Finally, in Section 13, we will study ac- 
tuating systems that seem to differ enough from 
all others to be placed by themselves. These, 
too, seem to combine a variety of features. So, 
now, let's get- on with the noiiautomatic type of 
systems. 



10. Nonautoinatic Actu'ating 

• Sysitems " ^ ^ ^ 

10-1. Nonautoinatic actuating systems are 
used when full travel of the aqtuator i^ required 
for each operation of the unit. ^Landing gear 
and bon\b-bay door systems are examples of 
this. We will examine specific examples of 
various nonautoinatic a^Uiating syste^ihs, their 
principles of operation, design featiirW, and 
function in the hydraulic system. " \\ 

10-2. Nonautoinatic actuating systems are 
manually controlled by the operator. When the 
selector valve is moved to an ob^r^ting 
position, fluid pressure (main pressure|line> is 
sent to the actuating cylinder. The pistc((f h|oyes 
to its extrecne limit of travel. To stop tTie pj^t<)ri 
before the end of its travel^ he musf retiirp; the 
selector valve to neutral. Most valves qaye a 
neutral position. The simplest nonautomattc 
control section contains a selector valve and ah 
' actuating cylinder. 

10-3. In some systems, one operation must 
Ije performed before the rest of the sys'tem\:an 
operate. Therefor^, the Offcration of the various 
system units must occut* in proper sequence. 
Cont[:ol of a sequenced system is applieict by 
mechanical, electrical, or hydraulic me^ns. 
Devices such as micfoswitches, relief val^s, 
and hydraulic sequence valves are used ^ in 
sequenced systems. 

10-4. Mechanically Sequenced System. A 
mechanically sequenced system uses the linkage 
of a unit to position the sequence valves. A 
typical system of this type is* shown in figure 34. 

10-5. As an exampl^ let us consider a simple 
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A. Selector valve 

B. Sequence valve einsed (landing gear) 

C. Sequence valve open (door) 

D. Aeluating eylhider (door) 

E. Aejuahng cylinder (landing gear) 

Figure 34. Mechanically Sii^^uenccd liysteni. 

landing gear ^system incorporating wheel well 
doors. It is clear that the doors must not clos^ 
before the gear is retracted. Also, the doors 
must open before the landing gear is extended. 
Let us suppose that the pilot has positioned the 
selector, valve (A) to retract the landing' gear. 
Pressure is then directed to the up side of the 
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A. Return tine 

B. Pressure line 

C. Selector valve 

D. Relief valve ' 

E. Sipt^iler actuating cylinder 
Relief valve 



G, Bonih di>or actuating cylinder 
^ Figure 35. * Pressure .sequenced systcui. 
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lanS^ing gear actuating cylinder (E), At the same 
tirrre, pressure goes to the landing gear sequence 
valve (B). At this time, sequence valve B is 
closed. Therefore, pressure can flow only to the 
up side of the landing gear actuating cylinder. 
Sequence, vajve C is in the open position to 
allow the return flow from the actuator to the' 
reservoir. As thq retraction nears completion, 
the actuating cylinder starts to position, 
sequence valve B. This occurs when the piston 
rod in E extends far enough-to contact the 
piston rod of sequence valve B^As the piston of 
.the sequence valve moves, it pushes the ball off 
itsr seat and opens the valve. Fluid under 
pressure is now allowed to flow<,;to the door ac- 
tuating cylinder (D). ^. J: 

10-6. As the doors elosQ, the actuator 
linkage draws away from the rod in sequence 
valve C. It releases the spring loaded piston rod 
of the S^^equence valve (C) which closes the 
valve. During gear extension, the selector valve 
(A) first directs pressure Xo the Uoor actuating 
cylinders. When the doors are open, 
mechanical contact is made with the door 
sequence valv^ (G) and opens it. This aK^pws the 
fluid pressure to continue on to the lan^jjog 
gear actuating cylinder (E) to extend the gear. 
Return fluid from the door actuating cylinder 
(D) h routed through the landing gear sequence 
valve (B), which is still open. 
^ 10-7. Fres^s^ure Sequenced System. Pressure 
sequencing is used on some types of aircraft. A 
bomber using spoilers together with the bomb- 
bay doprs is an example. The spoilers are 
opened first to protect the bomb doors from the,, 
aipstream. This type of sequencing is done with 
a relief valve. It is set to open at a.Mgher 
pressure than needed to operate ahe first ac- 
tuating mechanism. The spoiled will opert 
before pressure is High enough m open the 
doors. With the spoiler open, pressure will 
build up and open the relief valve. The flow 
then can go to the door actuators. 

10-8. An example is shown in figure 35. 
With selector v^lve C in -the OPEN bomb 
door positiyn, pressure is sent to tl\e open side 
ot\(he spo>{er aciuator (E). It is also sent to the 
reliefV<rive (D). The pressure needed to operate 
the spoilers is less than that required to open 
the relief valve. The>efore, only after the 
spoilers^are open and no more piston travel id^ 
possible, can the pressure increase. Now it ca^ 
increase to the setting of the relief\alve. When 
the relief valve opens, pressure is applied to the 
bomb door actuator to open the c^oors^ 

10-9. When the selector valve is ttfrn^d to 
CLOSE, pressure (now represented by the solid 
line) is directed to the close side of actuator G. 
At the same time, pressur^ also goes to relief 
valve F, The pressure required to close the 

■ i ■ ^ '"^ 



doors is less than the pressure sellings of ihc 
relief valve. When the doors are closed, ihe 
pressure continues to increase until it opens^the 
relief vafve. Opening of the relief valve allows 
the pressure lo continue to th^ clo^e side of the 
spoiler actuator (E).'A check valve is Usdfd in 
conjunction with each relief valve so that return • 
ning fluid from the actuator bypasses the reWef 
valve. It then continues, unrestricted, through 
the selector valve to the reservoir. 

lO-JO. Electrically Stequenced Systvm. Iji a 
hydraulic system' with electry:allV sequenced 
valves, the control is a solenoid, or motor. The ' 
electricity to the ^ valves is controlled by 
microswitthes. The microswitches are actuated 
by hydraulic units of the system they are in. 
Electrically operated sequence valves can be 
used to operate a system like the one in figure 
36. The si^^e and shape of the doors will detcr- 
miife the number of latct^es (A and B) used to 
hold the doors (E) closed. These latches must 
operate in propei^ sequence to prevent damage 
to the doors (E) and fuselage (C). ' ^ 

lO-l L During dooi^ opening, the jamb lat- 
ches (B) must open before the center latches 
(A). The jamb latches are ne^r the hinge line 
(D). Should the center latches open first, the 
doors* weight would cause the doors to open 
part way. This would put a severe strain on the 
jamb latches. After the doors close, the center 
latches p.lill them tightly into place and lock 
them. The center latches must close, first, in- 
suring that the doors are in place. Then the 
jamb latches slide into their locking position. • 




10-12. Figure 3*7 is a schematic of the unlat- 
ching process'^or figure 36. To simplify the ex- 
planation, one j^mb latch is shown to represent 
all^ii. One center latch is shown io represent ? 
the four in figure 36. In figure 37 ihe solenoid 
,in sequence valve D wril close when electrical 
power is applied. Placing the la^ch s^^or 
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A. Sequence valve switch 

B. Source iH ciccirical pi»\ver 

C. ■ Ccnici lurch iictuai*»i 
p. Sequence valve 

E. Selecti'i \alve , , 

F Jainh lalch actuator k 
G. Sequence valve Nwitch 
■ ■ H. St>uiee o\ i:leel!ical p*«\ver 
. ' J- Sequence val\e 
Fii:ure .^7.; HIecn ical sequence Sj^sleiti (.d\><>rs uiila(chiiiii). 

valve (E) to the unlatch position directs 
pressure to the jamb latch actuators (F) an<i to 
the sequence valve (J). At the start.' the 
sequence va^c (J), is energized in the closed 
position. NiUe the position of sequence s(Witch 
G. This prevents hydraulic pressure from goiiig* 
!to the center latch actuator tC). As jaml;> latch 
iiictua'tor F moves to the unlatch position, 
switch G opeiis andtieenergizes sequence valve 
J. This /opens sequence- valve J and allows 
pressur-ptcr'go to the unlatch side of center 
latch Q (The sequence valve switch G cannot 
be opened until the last janfb latch is com- 
pletely open.) As the last centejr latch opens, its 
piston r(,^d closes sequence valve switch A. This 
energizes and closes sequence valve D. This 
Cijmpletes the unlatching of the doors. Other 
hydraulic valves and actuators are used lo open, 
the doors and lower the ramps. 

10-13. Now'let s study the latching sequen- 
ces. Let us assume that the doors have been 
closed and are ready to be latched. Remember 
that the doors must be tightly closed and lat- 
ched .before the jamb latches can be properly 
tvperated". To latch the doors, move the selector 
valve (E) to the position as shown in figure 38. 
Hydraulic pressure^ is then sent to the latch side 
of the center latch actuator (C) and the 
sequence valve (D). The sequence valve (D) is 
energized to the closed position, and* prevents 
|iydraulic pressure from |oing to the jamb latcft 
actuator (F). As the last center^atch C moves to 
the latched position, switch A open^. 
deenergizing opening sequence valve D. There 
are actually four switches (one of which is 
labeled A- in figure 37) hooked in series. This 
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A. Sequeiice valve switch F. Jamb laich actuator 

B. Source i>t electrical power G. Sequence valve switch 

C. Center latch actuator H. Source ot electrical 
Sequence valve P^^^^'*" 

E. Selector valve . * J Sequence valve 

Figure 3iS Electrical sequence system (doors \tching). 

allo\vs hydraulic pressure to close the six jamb 
latch actuators .(F). As Lhe last^ jaijo^ latch is 
closed, the last sequence valve switch G closes. 
This causes, the sequence valve (J) to be 
energized and closed. 

10-14. Landing Gear Systems. The'^landing 
* ge<M* used in this discussion is an etectricatvJy 
sequenced system. You will better uiiderstanck 
the operation of the system by tracing its fluid 
flow. We will cover both extension aVftl retrac-^ 
tion operations. Figures 39 through 43 
illustrate the complete sequence. 

10-15. The movement of ihe doors is con- 
trolled by sequenl:e switches mechanically 
operated by th^ main gear. The system consists 
of landing gear and door control valves, ac- 
tuating cylinders, restrictors, and check* valves. 
The control valves are operated by electric 
solenoids which are controlled b)y microswit- 
ches. 

10-16. Let us suppose that the aircraft has 
taken off and the pilot is retracting the gear. 
Use figure 39 to follow t^he sequence of -events 
that * takes place/The two lines in the upper 
right of the figure are the hydraulic pressure 
and return soui"ce manifolds. Hydraulic 
pressure is applied to the solenoid valves any 
time there is pressure in the manifold. Both the 
door and gear control valves are returned to the 
neutral position by hydraulic pressure. They 
are moved out of tieutral by electric solenoid 
^actioa. By placing bontrol handle E to the UP 
position, the door^ open solenoid (C) is 
energized. The rod a^i^W^all of the solenoid are 
pulled to th'e left. This act^ion causes the ball to 
unseat from the sliding spool of^ the control 
valve. As the ball moves»off its seat, a path for 
tluid flow to return is formed. Flyid can now 
Jeave the left end of the controh valve and go 
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back to the reservoir. When thi.s happen.s.- the 
pressure at/the right end of the spool forces the 
spool to tha left. PreiSRirc can now 4»ci out i>f 
the pressure port Us shown in figure 40. fhe 
tluid. tliOws to the opeii side of door, actuating, 
cylinders F -and O. The initial iiiovement of 
cylinders F and O pulls the doorjpcks (H and 
Rj. This releases the doors. When the doors 
reach the full down position* they contact gear 
up, sequence switches G aiid P. 

10-17. As the doors close sequence switT:hes 
G and P, electricaj power is» applied to the gear 
rikract solenoid (D). The same action takes 
place to cause the spool to move left as in the 
dpor valve. Pressure is directed to gear- 
actuating cylinder L. helper cylinder M. geai> 
up-lock cylinder's, gear-actuatjiig cylinder W. 
and gear down-lock cylindei^''^^^^ (See fig. 40.) 
.Gear down-lock V will actuate b'cfore gear ac- 
tuating cylinder W ever i^ioVc.s because it 
requires mucjh less^ pressure. Af^r thd down 
locks are pulled, hydraulic pressure Ci)iuinues 
to the up side of the main gear cylinders (W). 
When Q'dch gear -reuches the up luyd locked 
position, ffcure 41, it ciMitkc^s iiiicroswiiches K 
and Q. After the microswitchcs have made con- 
"tact, the electrical circuit is cui' o1f from the 
doors openAolenoid (C), Now electrical power 
rs directed to the doors closed solenoid (B). 
i This shifts me spool position to the right.; 
\ Hydraulic pressure' now tlows to the doors 
\clQsad side otVthe door actuating cylinders (F 
^nd O). As t^ha f/«or5.1uove from the'^ful! upen 
positTon, thoX'lectrical circuit deencrgizes gear 
up solenoid D.AThe gear control valve spiHil 
shifts back to ileUtraL With the gear control 
valve in this poswion.. both gear ports are con- 
nected to"" returnV\ When the door is up and 
locked-; solenoidVB .remains energized until 
control handle.E W to the CdMBAT 

^position. Then' if i*^^ and the >pool 

goes to neutrii. In niutral both door^incs a^re 
' i>pened to the feturiiAnanitotd. This is a safety 
factor for' combat cynditions; it reduces the 
number of pressuri/euthydraulic lines. A com- 
bat positioji is used oVi some combat ai||*craft. 
Many aircraft use seldptor valves 'that go to 
neutral when all gears are up and fhe dol^rs 4re 
closed. Each aircraft svstiim has^s own charac- 
teri sties. \ 

10-18. An additii>na|. safety factor prevents 
accidental gear retraction while the weight of 
the aircraft is on the ground. When the left 
main gear shock strut is licimprcssed. a ground 
safety switch (T. fig. 39) breaks Ci>ntact in the 
gear up circuit. The electrical circuit is com- 
pleted when the shock strut is fully extended. 
10-19. When the control lever is moved to 
" the DOWN position (see tig. 42). the electrical 
circuit energizes "^oor open solenoid C. Alsu. 
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Ground safety switch 
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G'ear-actuating cylinder 




Figure 39. 


Landing: gear operation— c(*»ntrol handle up. 


gear 


down. 



extend gear solenoid A is energized. One con* 
trol spool shifts to send hydraulic pressure to 
the open side of the door cylinders^ The other 
spool sends pressure to gear actuating cylinder 
L and helper cylinder M, gear actuatmg cylin* 
der W, gear down-lock V, and gear up-lock. S. 
This action first unlocks gear up-locks S and J, 
and locks gear down-lock V, The gear usually 
falls part way by its own weighty but pressure 
takes it the final distance. When each gear 
reaches the down and locked position, it 
presses itiicroswitches N and U (fig. 43). When 
the gear tnicroswitches have made contact, the 
electrical circuit is broken to the doors open 



solenoid. At the same time, a circuit is com- 
pleted to energize the d^ors closed solenoids. 
So, the spool in the valve "shifts and sends 
pressure to the close side of the door actuators 
F and O (fig. 43). When the doors are jjlosed 
and locked (H and R), a microswitch breaks the 
electrical circuit to solenoid B. The control 
spool returns to neutral, and the gear lines too 
are connected to the return manifold. 



10-20. This concludes our discussion of 
nonautomatic actuating systems. Several pages 
back you may have said to yourself, "All this 
sequencing, looks pretty automatic to i 



me/' But, 
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Figure 40. Landiilf gear operation^-concrol handle up. doors 
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Gear up sequence switch 
Door sequence switeh 
Door up-lock 

Gear up-lock and cylinder 
Ground safety switch 
Door sequenct%,hwitch 
Gear down-lock and cylinder 
Gear-actuating cylinder 

gear retracting. 



Tiemember, 
described 



atfflthe beginning of this section, we 
a^^onautomatic system as one in 
which full travel is required for each operation 
of the uivit. We also said operators manually 
control the nonautomatic system. The 
automatic control system, or automatic position 
control system as the next section is titled, 
allowis a variable application of. hydraulic 
power. It provides smooth, control operation of 
a i^nit. Some'automatic control systems, such as 
control surface boost systems and brake 
systems, incorporate *Moad feet." 

* V 



11. Automatic Position Control 
Systems 

ri-l. These systems provide automatic con- 
trol of actuating mechanisms such as nosewheel 
steering, control surface boost systems, and 
some wing flap systems. These systems have 
followup systems vyhich limit the movement to 
a desired amount automatically. For example,, 
when the manual control is moved a certain 
distance, the selector valve is positioned. 
Hydraulic pressure is. directed to the actuating 
cylinder and it begins to move. The^ actuated 



43 

3U2 



HYO. 
XZZ2 HYO. 



PRESSURE 
RETURN 



A. 
B. 
C. 
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Mxtcitd gear sc»iciioid J. 

Dtior cl>iscd solcmud , K. 

Door 4>pen solenoid L. 

Rccract gear 'solenoid M. 

CiMitrol handle N. 

Dcn>r-actuattng cylinder O. 
Gear up sequence switch 
Door up-lnck 



Gear up-lock 
Door sequence switch 
Gear actuating cylinder 
Helper cylinder 
Dimr sequence switch 
Dititr-actuating cylinder 



P. Gear up sequence switch 

Q. Dimr sequence switch 

R. Door up-lnck 

S. Gear up'liiek and cylinder 

T. Ground safety switch 

U. Diinr seqitpncc swnch 

V. Gear down-lock and cylinder 

W. Gear-actuating cylinder 



Figure 41. Landing gear operation^*i«nirol handle up. gear up. doi»r closing. 



mechanisms will move the amount call^ for on 
the manual control. At that point, the followup 
system will return \the valve to neutral This 
stbps further movement and is done without 
any action on the part of the operator, AS long 
as the manual control is being moved, it stays 
ahead of the followup action. This action, keeps 
the selector valve in an operating (open) 
position,. The followup mechanisms- used on 
these systems may be either the mechanical type 
or the. differential type, 

11-2, Mechanical-Type Followup Sy!>tem* 
The mechanical-type followup system operates 
through a system of cables and pulleys or /igid 



linkage? Figure 44 represents a hydraulic flap 
system using a single mechanical linkage and a 
series of pivot ptJints, This unit includes both a' 
selector valve and an actuating cylinder. It is 
attached to a stationary part of the airframe (C). 
The pivot point for the control handle is at E. 
The control handle is connected to the selector 
valve by connecting rods. These connecting 
rods are anchored at one end to pivot point G. 
When the top of the control handle is moved to 
the left, the connector rod moves to the right. 
This will pull selectors/valve piston b to the 
right. The selector valve sends fluid pressure 
(represented by the solid line) to the right side 
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A. Extcitid gear soleiuud 

B? Diu)r cii>sed siHcUDid 

C. Di)or Dpcii solenoid 

D. Retract^ gear solenoid 

E. O^ntrol handle 

F. Door^actuating eyttndcr 

G. Gear up sequenec sswiteh 

H. Dtmr up^toek 

Figure 42. Landing gear 



J. Gear up-lock 

K. D«)or sequence .switch 

L. Gear-actuating cytinUer 

M. Helper eyiiiider 

N. Do\)r sequence switch 

O. Door actuating' cylinder 



operation — control handle down 



P. Gear up sequence switch 

Q. Door sequence switch 

R. Door up'lock 

S. Gear up-lock and cylinder 

T. Ground safety switch 

U. Door sequence switch 

V. Gear down-lock and cylinder 

W. Gear-actuatrng cylinder 

diU)rs opening, gear extending. 



of actuating cylinder B. The pressure tries to 
move the piston to the left. The pteton itself 
cannot move, since it is directly attached to the 
airframe. Therefore, hydcaulic pressure moves 
the entire assembly (actuating cylinder and 
selector valve) to th^ right and this raises the 
flaps (A). When the movement of the control 
handle is stopped, pivot point F becomes 
stationary. However, point G moves with the 
total assembly. The assembly moves to the 
right, while the selector valve piston D stands 
Still. This continues until both actuator ports 
are closed. The selector valve is now in neutral 
and cuts off pressure to the right sjde of the ac- 



tuating unit. The flap i^oveinent is stopped. ; 

1 1-3. The control handle may be placed in' 
any position within its range of travel. Any 
movement of this control handle positions the 
selector valve and starts the actuating unit 
moving. The unit's movement over the piston is 
the followup system. When it moves the propor- 
tional amount, the selector valve is neutralized. 

1 1-4. Differential-Type Followup System. 
The differential-type followup uses a set of op- 
posed gears. The gears are inclosed in a 
separate housing from the actuating unit itself 
Figure .45 shows a typical unit used on a 
nosewheel steering mechanism. Control handle 
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Figure 43. La/iding gear operation 
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A IS attached directly tb the manual control 
gear (B). The four gears in the differential are 
all meshed. Thfr control gel^r meshes with vi^q 
pinion gears (C\ ^ 




1-U5^;^j^sj5anxial control handle A is rotated 
sclockwise, the pinion gears move around the 
actuating mechanism gear (D)NAt this point in 
theNDperation of the differential unit, the ac- 
tuating^ gear (D) remains stationary. The 
operatiitfi arm (H) is attached to the pinion gpar 
cage aindxminects to a slide-type se|ector ydlve 
(G). WhenNhe pinion gears (C) move, the 
operating arni\(H) moves also. It, in turn. 



moves the sliding spool of the selector valve 
(G). 

1 1-6. This results in pressure being directed 
to one of the actuating cylind^rsXFl.,Ib^ 
der^_(£XJatill-ium-tW-^^ steer the 

airplane. However, when strut E turns, ac- 
tuating gear D turns with it. This causes the 
pinion gears to walk around control gear B 
which is held stationary by input force on han- 
dle A. This action moves operating arm H in 
the opposite direction, neutralizing the selector 
valve action. This cuts off fluid flow to the ac- 
tuating cylincbr. 

11-7. Contl[nuai movement can be achieved 
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A. OmiH)! >urlaLC E, CiMiirol handle pivoi 

B. Ad uu I nil! cylinder point* 

C. AirlVunic Mruelure F. Pivm poini 
^D. Selecuir valve G. Pivoi i^mui ' 

Figure 44. Meehanieal lypc of posiiion control. 

by keeping the manual control moving ahead of 
the followup. As soon as the manual control is 
stopped, the followup motion will "catch up," 
neutralizing the selector valve. This stops the 
steering operation. 

11-8. Control Surface Boost Systems. Air- 
craft control surfaces arc subjected to extremely 
high aif loads because of the high speeds. Sur- 
face boost systems aid the pilot in overcoming^ 
those a.ir loads and ^reduce pilot fatigue. 

11-9. A . boost system provides suftlcient 
power to move the control surfaces under 
maxiiijtinr loads. Yet, it is designed to provide 
the pilot with "load feel" to help prevent over- 
control. In some systems the feel is supplied by 
springs attached to the linkage. In other systems 




A. Control handte *E 

B. Manual control gear F, 

C. Pinion gears G, 

D. Actuating mechanism gear 



l-'igure 45. 
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the pilot gets load feel by manually supplying 
some of the force. 

1 I - IQ. The system shown in figure 46 uses a 
slide-type control valve to direct hydruulic 
pressure to either end of the boost cylinder. 
The maximum boost pressure is limited by the 
amount of norinal ' hydraulic system' preiburc 
available. The^pilot gets load feel through 
mechanical linkage and by doing somV of the 
work of moving t^e control surfaces. The 
pressure needed to move the control surface is 
proportional to the pilot's input. This is ac- 
complished through the mechanical* linkage 
arrangement. Therefore, this system has a tixed 
boost ratio. On some systems of this typo, the 
linkage may be adjusted to change the boost 
ratio. 

11-11. An arrow in figure 46 indicates the 
direction in which'conirol stick A is initially 
moved. This movement causes the linkage to 
rotate around stationary pivot point B/The 
slightest motion of theUmtrol stick causes the 
slide ptston of control valve D to move to the 
right. This alKiws fluid under pressure to be 
directed to the right-hand chamber of the ac- 
tuating (boost) cylinder Hf At 'the saiiic time, 
pressure goes to line K to raise a plunger bet- 
ween the alternating linc^. 

11-12, The left end of piston rod E is 
relatively fixed by stationary pivot p%mn h. 
Therefore, the entire valve and cylinder will 
move to tlie rigtit. Thi^ action moves linkage G 
to operate 'the control surtace. Il tlie nioveinent 
of control stick A stops. fplK^wup linkage J will 
catch up to it. At the same time, the niovenicni 
of the valve and cylinder will catch up wiih the 
control valve rod movement. This neutralizes 
the control valve at that point. As a result, it 
blocks off hydraulic pressure^io the boost cylin- 
der. ^ 

I 1-13. While the system is operating, the two 
vertical portions ot the linkage tend to move in 
opposite directions (as shown by the arrows). 
This is because of the force e.\encd by uic 
hydraulic fliiid in the boost cylinder. Feedback 
rod C limits this motion. It exerts a loice on the 
right-hand vertical member of the linkage. This 
force is opposite 'to that force initially applied 
by the motion of the control stick. Thus, the 
operator feels a resistance to motion of the 
stick (load feel). 

11-14. If hydraulic pressure were lost during 
tlight, the mechanism could not he movciJ 
manually. This is because of the fluid trapped 
in each end of boost cylinder H, How is this 
remedied? In figure 46, you will notice a spring 
loaded plunger between the alternaiiiig lines. 
With no pressure to the boost system, the 
plunger is moved downward by the spring, l his 
opens the passageway between the altcmuting 
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Figure 46. CU»sed-centcr hoi>st system. 



lines. With thrs passage open, fluid can flow 
freely from chamber to chamber of the boost' 
cylinder. Now the control surfaces can be 
operated manually. 

11- 15. The actuating systems we have 

covered so far are found in one form or another 

on all high performance aircraft. Yet, tl^ere are 

other actu^ating systems, that are not so^om- 

nionly used but are still important, 
if / 

12. Miscellaneous Actuating Systems 

12- 1. There are various hydraulic systems 
that are found only on certain, model aircraft. 
For example, some aircraft use hydraulic 
pressure to actuate surface control locks. Some 
have pitch trim systems on their horizontal 



stabilizer. Other aircrafl^use slave systems to 
remotely control the actuation of a second 
hydraulic system. 

12-2. Control Lock System. Control lock 
systems prevent fluttering of control surfaces by 
gusts of wind while the aircraft is on the 
ground. Figure 47 shows a hydraulically ac- 
tuated surface control lock. The actuating 
cylinder is mounted to the aircraft structure at 
K. The cylinder piston rod (A) is attached to 
the control surface. Each control' lock cylinder 
hasjts own reservoir and is independent of the 
main hydraulic system. The system is elec- 
trically controlled by ^n OFF-ON switch in the 
pilot's compartment. On propeller-driven air-^ 
craft, the locks are also actuated by placing trro/ 
throttles in REVERSE., 



12*3. The normal sli|ktream keeps the con* 
trol surfaces streamlihed,\but during reversing 
operation the effect of the slipstream on the 
control surfaces is reduced. It may even whip 
the control surfaces around^<Iantrol locks are 
only used to keep the surfaces streamlined 
.while on the ground. I 

12-4. Warning lights in the pilo't*s com- 
partment indicate the position of the control 
locks. Each cylinder of the control lock is 
balanced type. It incorporates a Fixed orifice 
and a controllable valve within the piston (see 
tig. 47). The controllable locking valve (J) is 
opened and closed by^an electric motor. The 
motor (E) is mounted on the end of the piston 
rod not fastened to the control surface. The 
contollable locking valve connects to the motor 
by a rod which is inside of the piston rod.* 

12-5. The operation of the control lock 
system i^ restricted.^to use only on the ground. 




A. PistDn ri)d (connected tu ettntrttl surfaeo) 

B. I-i\ed orlfiee 

C. Interconnecting hydraulic iine 

D. Therniai valve (open) 

E. Hlectric niotoF 



F. Reservt>ir connection 

G. Thermal valve (cU»sed) 

H. tnterconnecling passugeway 
J. Ci>ntrollahle locking valve » 
K. Cylinder Citnncctioii to aiii'raine 

Figure 47. Contrtil lock cylinder. 
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Figure 48. Hydraulic pilch trim system. 



The pilots switch placed in the LOCKED 
position, or the throttles reversed/ sends elec- 
tric power to theVmotor, The electric motor 
causes the'^pi^on valve to move to the closed 
position. In this position,- the valve blocks the 
main interconnecting passageway (H), Now, all 
fluid moving between the right and left cylinder 
chambers must pass through fixed orifice B, 



This dampens th,e movement of^he control sur- 
? faces and prevents them from flapping during 
; wind gusts. It allows only a slow, restricted 
! movement. Placing the switch in the 
UNLOCKED' position moves valve J to open 
passageway H, This allows unrestricted flow of 
fliiid when the surfaces' are being moved during 
night. 
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12-6. A safety switclv on the landing gear 
automatically unlocks the control locks upon 
. takeoff, this is in case, the pilot forgets to 
jialj^ck them with his cockpit switch. This 
^arrangement also prevents accidental locking of 
the controls during flight. --s- 

12-7. The' chambers of the lock cylinder are 
connected by a small hydraulic line (C) on the 
outside of the cylinder. This interconnection is 
completed through thermal valve D. This in- 
sures that the cylinder chambers have a con- 
nection to the* reservoir during fluid expansion 
or contraction. The reservoir provides space for 
this expansion or contraction. 

12-8. The ends of thermal valve G are so 
arranged that both ends cannot be seated at the 
same time. However, this will not affect the 
normal function of the cylinder when it is in the 
locked position. This is because cither end of 
the valve may be forced on its seat by tluid 
surge. A slow fluid movement will not do it. 
The reservoir is connected to the cylinder at 
port F. U «Tiay be mounted on the cylinder 
^ housing or on any other nearby aircraft struc- 
tural unit.' A periodic check must be made to 
. determine the fluid level of the reservoir. The 
fluid* level is indicated by a floating-type sight 
gage. 

12-9. Pitch Trim System. The trim system is 
used to make minor correction in the aircraft's 
attitude. The syjstem prevents the pilot from 
having to keep a continuous force on his con- 
trols. This could occur when the aircraft wants 
to fly nose high or low for some reason. Thus, it 
reduces the effort and strain on the pilot during 
a long flight. 

12-10. The pitch trim system changes the 
angle of attack of the horizontal stabilizer. The , 
changes co^^cct for nose-high or^osejow air- 
craft attitude. The pitch trim system is a sup- 
plement to the elevator control. In is also com- 
pletely independent of elevator control 
movement. 

12-11. The system that we will^ discuss has 
the horizontal stabilizer attached at tKejop of 
the vertical stabilizer. However, it woul^ also 
work if it were attachediower. The rear spar of 
the horizontal stabilizer is attached at U pivot 
point. This point is shown in figure 48. A 
jackscrew-type actuator is installed vertically 
near tht leading edge. The upper actuator at- 
tach fitting is bolted to the forward spar of the 
horizontal stabilizer. The lower attach fitting is 
bolted to the forward spar of the vertical 
stabilizer. 

12-12. The pitch trim system is operated by 
two completely independent drive systems. One 
^ h electromechanical and the other is 
hydromechanical. These -are shown in figure 



48. The electromechanical drive uipiit is located 
on the tep of the actuator assembly. An electric 
motor is used to drive it. The electric motor, 
through a gear train, rotates the Jackscrew\'Th\s 
mechanism is used for minor changes. 

12-13. The hydromechanidiT dy^ve unit I'^s 
located'on the bottom of the actuator assembly. 
A hydraulic motor is used for the drive unit. 
The hydraulic motor, through a gear train, 
drives a rotating nut^ The rotating nut cannot 
move vertically. Therefore, as the hut rotates, 
the' jackscrew will move up or down, depending 
on the direction of rotation. The hydraulic 
drive is approximately five times faster than the 
electric motor operation. 

M2-14. The hydraulic system consists of: the 
hydraulic motor, flow control valve solenoid 
shutoff ^Valve, fiKer, and a valve arm actuator. 
Hydraulic pressure (siie fig. 48), is supplied to 
the valve arm actuator and through a filter to 
the solenoid shutoff valve. The s"blenoid shutoff 
valve is energized to the CLOSED position. 
When the valve' is deenergized, it opens and 
supplies fluid to the flow control valve. The 
flow control valve can be operate^ 
mechanically by the pitch trim liver in the 
cockpit. The lever is connected to the flow con- 
trol valve by cables. The valve arm actuator is 
mechanically connoted to the flow control 
linkage at the same point. This actuator is elec- > 
trically activated by^the pitch irim switches on 
the control wheel. This allows electrical 
positioning of the flow control valve. Thus, the* 
hydraulic pitch trim can be activated manually * 
and electrically. 

12-15. When fast operation of the pitch trim 
system is desired* it is operated hydraulicajly. 
For 'fine adjustment or autopilot control, the 
system is driven electrically. 

12-16. Hydraulic Slave. System. Hydraulic 
slave systems are used on aircraft to reduce 
weight. A sl£tve system is an independent system 
used to. operate remotely localteil hydraulic 
units energized by the main system. An example- 
is the power brake control valve. The control 
valves^are located a great distance from the * 
pilot. With a master cylinder, the pilot remotely 
positions the power brake ^control valve. A 
master cylinder slave: systan is shown in fjgure 
49. 

12-17. Master cylinder B forces a small 
volume of fluid under pressure to the slave 
cylinder through a small line. As the piston in 
the slave cylinder moves, it positions power 
brake control valve A. The power brake con- 
trol valve then directs system pressure to brake 
units C. 

12-18. Now that we have finished the 
miscellaneous systems, let us think back for a 
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A. Piiwer brake valve B. Master cylinder C. Brake unit 
Figure 49. Master cylinder slave system. 

moment to paragraph 11-4 whieh introduced 
the differential-type followup system. There, 
you learned about the followup device in an 
automatic position control system. You will 
now have the opportunity to study the entire 
system. 

13. Hydrautic SleeriiiA Mechanisms 
and Controls 

13-1. High performance aircraft with tricycle 
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Figure 50. Nosewbeel steering (rack and pinion actuator). 



landing gear ordinarily have a nosewheel 
steering mechanism. This type of steering has 
many advantages ovef- the older methods. The 
older techniques wei^ eitm^r applying alternate 
brakes or gunning alternjro engines. The older^ 
method of steering caused excessive wear on the 
T)rakes ana tires. In multiengme aarcraft, gun- 
hipg opposite engines sometimes results m ex- 
cessive taxiing speeds, ^osewheel steering 
eliminates this and requires less attention or ef- 
fort by the pilot. * 

13-2. There are three main types of steering 
mechanisms: the rack and pinion actuator, ac- 
tuating cylinders with a differential followup 
system, and the steering damper type. This^last 
type contains a unit which acts as a damper 
when the steering mechanism is not in use. 

^3-3. Rack-and-Pinioh-Type Steering 
Mechanism. This type of mechanism is 
hydraulically operated anfd mechanically con- 
trolled by cable rigging (see fig. 50), To get 
hydraulic pressure to the actuator, the steering 
switch n>ust be engaged and the gear^fety swit- 
ches compressed. With the steering switch 
engaged, a shutoff valve (not shown) allows 
fluid to flow to the steering control valve (J). 
The steering control valve is rigged to the 
•pilot's steering wheel (C). It controls the system 
pressure to the steering rack aitd pinion ac- 
tuator (E). As the pilot steers, the -directional 
control valve moves Jrom its neutral position. 
This directs pressure to the proper side of the 
actuator. It is an open center valve— that is, 
when in neutral it throughpasses fluid pressure 
to the return line. The actuator then turns the 
nosewheel through interconnecting terminal 
gear F. As the nosewheel turns, the followup 
arrangement returns the control valve to its 
neutral position. Excessive pressures in the 
alternating lines (D and H) are prevented by ^ 
relief and check valve arrangement (A). If the 
steering switch \s off, the aircraft may be towed 
or taxied without hydraulic restriction in the 
actuating cylinder. This can be done beca-use of 
the open-center throughpass construction in the^ 
control vialve. As a safety precaution the torque 
links should be disconnected during towing of 
the aircraft. A quick-disconnect arrangement 
(G) serves this purpose. Steering indicator B 
tells 'the pilot the position of his nosewheel 
while steering is engaged. 

13-4. Steering Mechanism with Two op- 
posing Actuating Cylinders. In figure Si, we 
see that the two opposing cylinders (M) turn the 
nosewheel in either direction. Directional 
metering valve H directs pressure to the proper 
^cylinder. As you move steering handle D, dif- 
/ firential unit C moves. Through mechanical 
.linkage, it positions metering valve H. Fluid 
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A. Followup system ci>ntn>r'cabfc 

B. Pressure line 

C. Diti[erenlial unic 

D. SleeViiig handle 

E. Emergency or bypass valve 

F. Compensator 

G. Return line 

H. Metering^ valv«? 

J. ShututT valve (operated by oleo strut extension) 

K.- Swivel joint 

L. Centering cam (stationary) 

M. Act^uuting cylinder 

N. ^Centering cam (moves with i>ritlce ri>d) 

O. Orifice rod 

P. Check valve 

Figure 51. Nosl4|^I steering (differential actuation). 



then is metered out to one of the actuating 
cylinders. 

13-5. An orifice and orifice rod O play an 
important part in the operation »of the steering 
.action. The orifice rod is cbnnected to the bot- 
tom of the strut interior. The rod moves up or 
down with the lower part of the strut. When the 
weight of the aircraft is on the gear,lhe orifice 
rod extends through an orifice on the top of the 
strut. There it strikes a ro'ller which actuates the 
nose Stteering shutoff* valve J, opening it This 
allows fluid from the pressure line B to flow ' 
through check valve P to metering valve H. An 
emergency or bypass valve (E) allows hydraulic 
fluid to flow freely from one actuating cylinder 



to the other. This valve is opeiied'when the air- 
craft is to bestowed. It cm be eifher mech- 
anically or electrically operated, depen- 
3ing upon the type of aircraft on which it is in- 
stalled. The opening of the valve bypasses the 
metering valve, thereby making the nosewheel 
-steering system inoperative. ^ 

13-6. Centering cams L and N aline the 
nosewheel fore and aft when the strut is fully 
extended. This insui'es proper alinement for 
retraction and also for landings. Figure 51 
shows the position of the centering cams when 
the strut is extended. Upper canCN is fastened ' 
to the orifice rod; therefore, it iwiwcs up and 
down with it. The bottom cam is fastened to the 
strut; therefore, it does not move. When the 
weight of the aircraft is placed on the gear, the 
centering cams disengage. Swivel joints K act as 
hinges the alternating lines when the gear is 
retracted, 5 
13-7. The differential, figure 52, also plays 
an important part in the operation of the 
steering system. Movement of steering control 
A (item D, fig. 51) rotates the top gear in dif- 
oferential B(item C, fig. 51)^The bottom gear is 
held stationary by the followup system control 
cable K (item A, fig, 51). The two side gears 
move around the bottom gear, causing motion 
of differential actuating arm C. Movement of 
the operating arm causes positioning of the 
metering valve E (item H, tig. 51). The 
metering valve is held in a neutral position by \ 
centering spring G when hot in operation. 
When the metering valve is moved, tluid 
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Figure 52. Differential systcnu 
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presstiA-e is sent to the respective actuating 
cylinder. Movement of the nosewheel in either 
direction wilJ rotate the orifice rod. This 
movement rotates the bottom gear of the dif- 
ferential through the follo^up system control 
cable K. Rotation of the bottom gear moves ac- 
tuating arm C, which returns the selector valve 
to neutral. 

13-8. The compensator H (item F, fig. 51), is 
a piston-type accumulator. It maintains ' a 
minimum ^amount of pressure for shimmy dam- 
ping during taxiing when the selector valve is in 
a neutral position. The other callouts in figures 
51 and 52 are ^elf-explanatory. 

1 3-9. Steering Damper iMechanism. This 
system, shown in figure 53, provides steering of 
the aircraft and shimmy damping action. The 
system includes the steering damper unit'(F), a 



, pressure-reducing *valve (D), an interconnect 
slutch (N), and two shutoff valves (A and E). 
Normal system pressure is directed to the 
solenoid-operatedshutoff valve (A). This valve 
opens dniy \yhen the nose gear shock strut is 
compressed and closes switch. C. Button B en 
the pilot's control stick must also be pressed to 
complete the circuit to the solenoid. 

13-10. the solenoid-operated shutoff 

valve is energized and open, hydraulic pressure 
is directed to pressure-reducing valve D. 
Pressui^ also^is directed to interconnect clutch 
N. The clutch hydraulically connects the rud- 
der cable movements to the nosewheel steering 
system. Thisj» allows steering motion to come 
directly fronr the rudder pedals. The clutch 
disengages the rudder cables from the steering 
systems when pressure is off the steerling system. 



13-1 I . I^ressure-reducing valve D, reduces 
thp system pressure to the operating pressure 
for the steering damper unit. Fluid flows from 
the pressure Teducer to safety shutoff valve E. 
The safety shutoff valve is mechanically opened 
when the npse gear is down and the strut is 
compressed. From the safety valve, fluid goes tcf 
damper unit F. 

; 

13-12. Steering damper unit ^ is a com- 
bination selector vatve, actuating cylinder, and 
shimmy damper. A pressure-op.erated clutch 
(M) engages the cable-operated pulley to the 
selector valve through the followup mechanism. 
When pressure is directed to the steering unit, 
clutch M engages and, at the same time, in- 
ternal bypass valve L closes. This bypass valve, 
when closed, prevents free flow bf fluid from 
oire side of the actuating piston to the other. 

H 3-I3. Movement of selector valve G sends 
tluid through restrictor valves K to actuating 
cylinder J, thus turning the nosewheel. As this 
happens, the followup linkage repositions the 
selector valve to /the neutral position. The 
repositioning of -the selector valve to the 
neutral position stops any further turning of the 
nosewheel. To turn it farther, the selector valve 
must be repositioned again. ' 

13-14. Compensator unit H maintains a 
slight pressure in the steering unit when the 
selector valve is in neutral. This pressure 
prevents cavitation of the steering actuating 
cylinder. This can happen when the nosewheel 
is suddenly turned by external shock Iqads. The 
compensator consists of a small spring-loaded 
piston with a built-in relief valve set at about 75 
psi. Another function of the compensator relief 
valve is to prevent excessive pressure caused by 
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thermal ^ expansion. When; the hydraulic 
pressure for steering is released, cluleh N^! 
disengages and bypass valve L opens. When this 
happens, the steering unit becomes a shimmy 
damper. Orifice check valyes K prevent rapid 
^shimnjy Of the nose gear. They restrict tlie fluid 
flow^from one side of th'^ aQtuatojr cylinder to ! 
the other. u 



13-15. •Electrical Followup- 
Nose Wheel Steering. We have • 
'learned that mechanical-type follow- 
up systems operate through a sys^ 
tem of cables and pulleys^ or rigid 
linkage, and tije differential-type 
foULowup system uses a set of- 
opposed giBars. Electrical follow* 
up is accomplished by varying the 
voltage in the two potentiometers.. 

13-16. The input potentiometer 
is located above the nose strut and 
is operated by movement of the rud- 
der pedal^ The followup potentiom- 
eter is located on the' steering ^ 
power unit and is operated when the 
wheel turns. 
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Aircraft Emergency Pneudraulic Systems 



XlRCRAFT EMERGENCY hydrablic systems 
on various aircraft operate different units. 
Emergency systems operate onjy the essential 
components needed for,qagsion completion or 
•safety. The methods u$ed TO^operate them vary 
greatly; they depend on the aircraft's needs: 
These systems can be pressurized* by hand 
pumps, electrically driven pumps, and fluid or 
air stored, under pressure. Working in ton- 
junction with the emergency systems are \^r- 
ning devicesnhat yidicatp when the emergency 
system -should be used. We shall discuss these 
different systems and show how they are us"ed. 

' 14. Emergency Flight Control Operation 

14-1. Operation of the tlight control is 
essential to flight. Effective, operation of flight 
controls on s<Dnie aircraft is mor€ criticial, thiah 
on others; these incorporate an emergency 
hydraulic system for the flight controls. The 
other aiircraft rely upon manuaY override 
operation when the qormal system fails. So that 
you have an understanding of . emergency 
systems, we will first discuss the arrangement of 
a basic electrically operated emergency system. 
Next, we will looK at a specific emergency 
system: the wing flap system. Finally, we will 
examine the use of a backup hydraulic system 
for emergencies. 

14-2. Electrically Operated, 'Emergency 
System. Some aircraft use an electrically driven 
emergency pump. - This pump usually ,has a 
much smaller output volume thanpthe normal 
•engine-driven pump, it is not consideried prac- 
tical for normal use. The primary purpose is to 
operate Certain subsystems when the main; 
system fails, Ats^ secondary purpose is for 
ground lesring the main system through line G. 
shown in Figure 54. This figure shows the 
direction ot fluid flow through an emergency 
system while it is in operation. 

14-3. Notice the two reservoirs (D and E) in 
this system. Emergency pump C can draw fluid 
from either reservoir, depending upon the 
posinon of ground test selector valve F. Figure 



54 shows the ground test selector valve' in the 
. INFLIGHT position. The valve should be kept , 
^,in this position aj: all time.s, except during* 
ground testing. When the emergency pump is* 
• operated, it wilLyiraw fluid from the emergency 
reservoir^.* Froiu the PH^, fluid goes* to 
emergency selector valve A.-Then it goes to ijs 
applicable subsystems through eipergency 
pressure Jine B. The ynty pressure-limiting 
^ device in this case is the small relief valve (H). 
I-4.-4. Figure 55 shows the system in ground 
test position and using the main system reser-^ 
voir (E), The grpiindxtest selector vaive (F) b^* 
figure 55 has be;en set at tl^ GROUND TEST 
posikion/ Notice^ alsd that Mluid j-^aving the 
emergency pump (C) cannot gd . through 




A. Bnicrgcncy selector* valve 

B. Emergency pressure line 

C. Binergency system piimp ' ' 
p. Emergency reservoir 

Main system reservoir 

Ground test selecu»r valve 
Cj. Grimnd test line To ntiruial sysletn 

pressure matnfiJld 
H. Relief valve 

Figure 54. Emergency system — emergency conditions. 
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A. Emergency selector vuive * 

B. Emergency pressure line 

C. Emergency syslein pump 
^ D. Emergency reservoir 

E. M;iin system reservoir 

F. Grttund test selector valve 

O. Ground lest tine to normal systeih • 

pressure nianilold 

H. Reliel valve 

Figure 55. Emergency system— gn»und test ci»ndition. 

emergency selector valve A.- Theret'orc. the 
fluid leaving the emergency pump must go 
through the ground test selector valve. Here it 
enters the normal system pressure manit'old line 
(G). Emergency Selector valve A is positioned 
so that emergency pressure line B is connected 
to the emergency reservoir. This is caljed the 
normal position of this valve. Should the tluid 
in line B expand due to a thermal buildup/it 
can expand into reservoir D. This also prevents 
this thermal pressure from shifting the shuttle 
valves to the emergency position. This is not 
.wanted during normal operation. 

14 5. Emergency Wing Flap System. The 

system shown in figure 56 has only one pur- 
pose. This is to provide hydraulic pressure for 
operation of the wing flaps in case the main 
system faiJs. Use of wing flaps is netfessary for 
safe landings. 

14-6. in figure 56, main system pressure is 
supplied to the flap system through pressure 
i|ilet line M. Main system pressure goes through 
filter L and control valve K before it goes to 
motor J. The check valves in the pressure lines 
prevent fluid transfer to the emergency system. 
Control valve K directs fluid through one of the 
two alternating lines H to flap hydraulic motor 
J. The direction of flow through the flap motor 
(as determined by tlie control valve position) 
governs the direction in which the flaps moves. 



14-7. The motor rotates the drive gears, 
which rotate the Ja(^kscrew and move the flaps 
(F). The hydraulic motor's return fluid goes 
through the controT valve. From the control 
valve, the fluid goes to the electrically con- 
trolled shuttle valve (D). During normal or 
main system operation, shuttle Valve D is 
deenergized. Fluid flowing.-. IVom the control 
valve is directed to nuiin system rcfein line E. 

14-8. When the normal system' in figure 56 
fails, electrical power is applied to both 




A. bmergency Hap reservoir 

B. ^Rciiel vafve 

. C. tmergency system return line 

D. lilectrically operated shuttle valve 

E. Main system return Ihic 

F. Wing Hap and jackscrew 

G. Rcsiriclor 

H. .Alternating line 

^J. Map actuator (hyiiruulic motor) 

K. Control valve 

L. l-iller 

M, .Main system piessure line 

N. <*heck valve 

O. Hmergeijcy system pressure line 

P. Emergency system pump and pump, inot^r 

Figure 56. Emergency wing I'lap system. 
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iNORMAL PRESSURE 

gl^SIZ^ NORMAL RETURN 

ALTERNATE SYSTEM 
^ BY^PASSING 

A. Nnrinul system tnetcrtn^;^ vuivc 

B. Aliornutc system uctuuting piston 

C. Mctcriirj; vnlves pt^sitiiMtiitg mechanism 




D. Aitcnmic system metering valve 

E. Normal system acluuting pistuii 

F. Ciimiiinii pisttm rod 



Figure 57. Flight ciMitrol power unit. 



einergcnpy pump P and shuttle valve D. With 
the emergency pump operating, tluid is drawn 
from emergency-reservoir A. The pump sends it 
tg flap CQntrol valve K. 

14-9. Notice check valve N ip the normal 
pressure line. It prevents emergency pressure 
from escaping into the normal line. The 
pressure-limiting device during emergency 
operation is relief valve B. After the*' control 
valve Is positioned and the flaps are moved, the 
return fluid will seek a path to return, Sl^e 
shuttle V4lve D is energized, the returning flui, 
is directed into emergency return line C. From 
there, it flows back to the emergency reservoir. 
Thus, no emergency fluid should be lost if both 
systems are working properly. Restrictor G 
limits the flow through motor J in both direc- 
tions. 

14-10. Combinalion Normal and Ailcr- 
nale System. Some models of aircraft have two 
independent hydrjaulic systems to actuate the 
flight controls. In such installations, the flight 
controls are normally actuated by the "normar' 
or "main" system. If the normal system fails, 
then, the alternate system will automatically 
assume control. 

14-11. Figure 57 "shows a flight control 
power unit which is'actuated by a dual system 
such as described above. Unlike most 
emergency systems, the alternate pressure does 
not enter the normal actuator through a shuttle 



valve. Both the normal and the alternate 
systems have separate selector valves and ac- 
tuating cylinders. 

14-12. In figure 57, notice that the two 
metering valves (A and D) are^ positionec^^ 
together. This is done by moving the control 
stick which is attached to the positioning 
mechanism (C). The cylinder arrangement is 
such that both pistons B and E drive,'the same 
piston rod F. Through this arrangement, the 
normal and alternate systems are kept eom- 
"'fetfij^ independent. 

14-13. Now, with the help of figure 58 Jet us 
see when and how fluid enters the system. Item 
A represents the control surface power unit, 
illustrated in figure 57, Alternate pressure can 
energize control surface power unit. A through 
alternate system shutoff valve L. The alternate 
system authmadcallsf provides the necessary 
operating pressurt^ when normal pressure is 
below desired setting. Pressure switch C, 
located in the normal system pressure line, 
energizes the emergency system. Should normal 
system pressure fail, pressure switch C would 
close to complete a circuit that mdkes the 
changeover. 

14-14, Let's see what happens when the nor- 
mal system pressure drops, thereby causing 
changeover switch C to close. Power for system 
operation is supplied by bus E. From the bus, 
current goes to the upper points of control 
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NORMAL SYSTEM RETURN T 





ALTERNATE SYS. PRESS. 



ALT. SYSTEM RETURN 



A. CiMitrttI surface unit 

B. Ni«nitaKsys(ciii bypass valve 

C. Normal system pressure swiich 

D. Eincrjjency hydraulic control switch 



E. 24*voli bus H. .Alternate system pump pressure switch 

F. Alternate system pump switch J. Red warning light " ' ' 

G. Wire to alternate pump m»»ior K. Alternate system pressure switch 

* L. Alternate system shutoli valve 



Figure 58. Flight control hydraulic system electrical circuit. 



switch D. Pressure switch C has closed and now 
provides a path for current flow back to the 
lower points. From the lower points of control 
switch D current goes through bypass valve ,B 
and on to ground .through pressure switch K. If 
pressure switch K is closed, it provides the 
ground for the alternate system. Now, normal 
system bypass valve B is energized open. It 
vents all remaining pressure in the normal 
system to the normal return line. At the same 
time, a circuit starting at closed switch C 
energizes the red warning light J. It continues 
on to open alternate system shutoff valve L. 
The warning light has its own ground. Alter- 
nate system shutoff valve L is also grounded 
throughMpressure switch K. Using pressure 
switch K as the pa^i to ground makes sure that 
changeover cannot be made unless there is am- 
ple pressure in the alternate system. 

14-15. Pressure switch H is used to regulate 



the pressure in the alternate system. It controls 
the circuit to the alternate system pump motor 
through alternate motor wire G. -Toggle switch 
. FJs normally closed during flight. It can be tur- 
ned off at will. 

14-16. Emergency hydraulic, control switch 
D provides for manual changeover at any time. 
Let us assume that you wish to check the alter- 
nate system to see if it is operating properly. 
Pressure switch C js normally open, so you 
must in some way bypass this switch to perform 
the test. This bypass must complete a circuit 
around the open switch C. You can bypass it by 
moving the lower toggle in the emergency 
hydraulic control switch to the ALTERNATE 
position. 

14-17. With the toggle placed in the 
ALTERNATE position, curr^t flows from the 
bus bar to the upper toggle. From the upper 
toggle, il flows through the lower toggle, and 
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E. 
F 
G. 
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Otiicfol surface p4>wcr units 

Normal sysicni pressure giigc 

Normal system bypass valve 

Normal system relief valve 

Normal system selt'-tlisplacing accumulaloi 

Engine 'driven pump (tor ntirmal system) 

Check valve 

Nttrmat system pressure switch 



J. 24.y*»Jt bus 

K. Ailcrnaic sysicm manually opcralcil swiich 

L. Aticinaic system pump 

M. \Iiernaic svsicm pufiTp prcssuu* swnch 

N. Ailcrnaic s\sicm scil-displacmg accumul.ii«-i 

O. Kcliol valve 

P. Ailcrnaic system pressure switch 

Q. AUcrnate svsicm shufolT valve 



Figure 59. Flight ctMiirol hydraulic sysicm — n*»rmal 4>pL-rali*»n. 



then to nprniat bypass valve B. As the bypass 
valve opens.^the normal system priJ^sure is dum- 
ped into the return manifold. When the normal 
system pressure drops low enough, pressure 
switch C closes. This completes the circuit ti> 
the light and the alternate system shutotT valve, 
thus completing the changeover. To change 
back to normal system, you must return the 
lower toggle to its normal position. Then 
momentarily raise the upper toggle to the 
RESET position. The RESET position merely 
breaks the circuit to all of the electrical units. 
This allows them to spring back to their normal 
closed position. . 

14-18. Figures 59 and 60 show the same 
system as figure 58 but in more detail and com- - 
pleteness. Figure 59 showp the position of all 



switches and valves while the normal sy.stcin i> 
in' operation. Notice that pressure switch M. 
which controls the alternate system pressure, is 
open. This indicates that the alternate system 
pump L is not running. Alternate system 
pres.sure is available in the lines and ac- 
cumulators N. If the altcrnalL* pressure shnuki 
drop off slightly, pressure switch M would close 
and send current to pump motor L. When the 
pressure again builds up to the desired v;iiuL\ 
the contact mrough tljc pressure switch will be 
broken. Through the-opcning and clu-^iii}: «»t 
this switch.^ alternate s\stem pressure is inani- 
tained at a predetermined setting, 
switches and valves while the normal system is 
14-19. Pressure switch H remains closed 
unless pressure drops so low that it cant-.oi 
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CiMiirnl surt'uce power units 
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NMrmal system relict* valve 

Normal system self-displaciin; accumulator 

Engiiie-drlveii pump (tor normal system) 

Clieck valve 
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J. 24-volt bus 

K; Alternate systeni manually operated switch 

L. Alternate system pump 

JsA, Attenmte system pump pressure switch 

N. Alternate system self^Uisplacing accumulator 

O. Relict* valve 

P. Alternate system pressure' switch 

Q. Alternate system shutoff valve 



Figure 60. Flight c»)ntri>l hydraulic systeni— alternate t)peratit)n. 



operate the control surfaces. Its primary pur- 
pose is to prevent a changeover unless there is 
ample pressure in the alternate system. Pressure 
switch H in the normal system is open because 
there is sptficient pressure in that system for 
normal operation. Check valve G prevents 
backflow through pump F which would 
motorize the piimp. This could happen if excess 
pressure built up in the normal system pressure 
lines. ^ 

14-20. Units included in the normal system 
and which have not been mentioned in the 
above discussion are: pressure gage relief 
valve D, accumulator pump F, and the nor- 
•mal system reservoir. With the exception of th& 
accumulator, these untts operate the same in 
this system as in any other hydraulic system. 



The emergency^ or alternate system also in- 
cludes the sdimer jnits. 

14-21. Figure 60 shows the control surfaces 
being operated by the alternate system. What 
you have learned from figure 59 can be trans- 
Terred to the operation shown in figure 60! 
Notice that both normal system bypass valve C 
and alternate system shutoff valve Q are open. 
This allows any fluid in the normal system to 
have a path to the return manifold. Also, it 
provides a path for alternate system pressure to 
the units. These valves are held in th^ir 
positions by electrical energy. If the electricity 
should fail, the valves would spring closed. 

14-22. The hydraulic systems in som^ fijhter 
aircraft do not depend on electrical power for 
emergency pump operation. Instead, the 
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emergency pump is operated by a ram-air- 
driven turbine unit. This provides emergency 
hydraulic power as long as the aircraft is air- 
borne. 

14- 23. You have seen how the pilot can con- 
tinue to fly his aircraft safely if a failure 
develops in his flight control systems. However, 
he may-havf^ifrather equally serious problem. 
What if his landing gear fails to operate at the 
end of his flight? Wh^t are the safet>^ provisions 
for such an event? The next section will tell us. 

IS. Landing Gear Warning and ' 
Emergency Operation 

15- 1 . A landing gear warning system tells the 
pilot the gear's position during or after a cycle. 
When the system indicates an unsafe condition, 
the pilot can resort to emergency operation. We 
will first discuss the landing gear warning 
system, then an emergency operation. 

15-2. Landing Gear Warning Sytems. One 
type of landing gear warning system uses three 
green indicating lights for normal or safe con- 
ditions.. It uses one red light and warning horn 
for unsafe conditions. One* green indicating 
•light for each gear , glows when its gear is 
DOWN and LOCKED. The red warning light 
glows whenever any gear is between the DOWN 
or UP and LOCKED position. The indicating 
lights are mounted on or near the pilot's in- 
strumental panel. The red warning light usually 
is an integral part of the landing gear control 
knob. A warning horn is used together with the 
lights to give the pilot an audible warning. 

15-3. Now that you are familiar with the 
rfnits in the warning system, let's see how it 
works. Let's start with what the pilot sees as he 
starts to land. After slowing down to wliere the 
slipstream will not dq^structural damage, he 
can lower the gear. Upt to this time, he sht)uld 
not have any warning light indication. He 
places the landing gear control hajpdle in the 
DOWN position, and the gear begins to move 
downward. During this time, the red light 
glows, indicating that the gear is unsafe. As 
each gear locks down, its corresponding green 
light will come on. When all three of the green 
lights are on, the red light automatically goes 
off. The pilot then knows it is safe to land. 

15-4. During takeoff, all three green lights 
should be on and the red light off. Shortly after 
takeoff, the pilot places the landing gear con- 
trol in the UP position. As the first gear breaks 
away from its DOWN and LOCKED position, 
its corresponding green light will go off. The 
red light now comes on. The red light will not 
go off until the last gear is up and all the door^ 
are closed. If the'red light does not go off, the 
pilot knows that something is wrong; so, he will 



probably extend the gear, land the aircraft, and 
look for the trouble. 

15-5. Another type of warning system used 
on many of our aircraft is similar to the one just 
discussed. The main difference is in the landing 
gear position indicators. The position in- 
dicators are electrically operated units which 
show a picture of the sear position. When any 
gear is down and k)ckid, a picture of a wheel 
appears in it^ indicator \mdow. When any gear 
is up and locked, the worSHJP appears in the 
corresponding window. When any gear is 
neither locked up nor down, a picture of a bar- 
ber pgle appears in the window. A red warning 
light is mounted in the landing gear control 
handle. This light glows when the first wheel 
well door is opened during extension. It goes 
off when the last gear goes into DOWN and 
LOCKED position. During retraction of the 
gear, the red light glows when the first down 
lock in unlatched. It will remain on until all 
gear is up and the wheel well doors are closed. 
A warning horn is also installed with this 
system. It warns the pilot, should he forget to 
lower the gear during landing procedures. 

15-6. Landing Gear Emergency Systems. 
As you know, some landing gears depend only 
on the force of gravity for emergency extension. 
Others depqjfd on gravity plus hydraulic or air 
pressure. 

15-7. Generally, gravity is used only on 
those gears whose fall is not hindered by the 
slipstream. As an example, the gear may retract 
and extend sideways in relation to the 
movement of the aircraft. During emergency 
extension of this type of gear, the uplatches are 
released by pulling an emergency release. One 
word of caution about pulling emergency 
releases, especially during ground testing of the 
gear: Make sure you are pulling the correct 
one; otherwise you might drop fuel tanks, or do 
something else that woulcl^e very em- 
barrassing, such as ejecting yourself. 

15-8. Gear that extend forward into the slip- 
stream normally use pressure for emergency ex- 
tension. The hydraulic hand pump system, as 
shown in figure 61, is one means of providing 
this pressure. This system can also use hand 
pump pressure for ground testing the normal 
system equipment. 

15-9. Notice that the hand pump (B) draws 
fluid from the bottom of the main system reser- 
voir (A). It gets the fluid from there because the 
emergency may result from a ruptured line in 
the main system. In this case, the main pump 
drew out all the fluid above the standpipe. This 
fluid may have been lost through the broken 
line. The fluid drawn from the reservoir by the 
hand pump is pumped to emergency selector 
valve D. The emergency selector valve has two 
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A. Bcservoir 

B. ' Aaiid pump 

C. Rettirti inartifold 

O. Emergency selector valve 

E. Grouiid test Hue to iiormul system pressure munit'old 

F. Emergency pressure line ^ 

G. Shutile valve 

H. Landing gear subsystem alternating line 
J. Actuating cylinder 

Figure 61. Hand puntp system. 

positions: GROUND TEST and EMER- 
GENCY position. When the valve is in 
the GROUND TEST position, fluid is directed 
to the normal system pressure manifold line. E; 
at the same time, emergency pressure line F is 
connected to return manifold C. 

15-10. In the EMERGENCY position, fluid 
is directed to landing gear "actuating cylinder 
J, through emergency pressure line F. This 
position also connects return manifold line C 
to normal system piressure manifold line E. 
Normal system pri^s^^^^ also 
a pai:^ of the tid^yjlt^ 
Therefore, a check ■ valve is irtcorporated in the 
line. This check valve prevents system pressure 
from interfering during hand pump operation. 
This could happen while the emergency selec- 
tor valve is In the GROUND TEST position. It 
also preyents loss of pressure through return 



manifold line C when the valve is in 
EMERGENCY position. 

15^11. Before fluid can enter the actuating 
cylinder, however, sufficient pressure must be 
developed to shift shuttle valve G. The purpose 
of the shuttle valve is to separate the emergency 
system from normal systenvH. The shuttle valve 
perinits the use of the normal actuating cylinder 
for emergency operation of the gear. 

15-12. For normal operalibn, the emergency 
selector valve is kept in the GROUND TEST 
position. This allows thermal expansion in the 
emergency line to be relieved through the 
return manifold. If it weren*t, the thermal ex- 
pansion of the trapped fluid Qojuld reposition 
the ^shuttle valve. 

15- 13. Our discussion so far'has been about 
flight controls and landing gear. This will allow 
us to control the aircraft in flight and extend 
thagear for landing. One more important factor 
remains — stopping the aircr^fft after landings 
The next section will deal with emergency 
brakes. 

16. Emergency Wheel Brake Systems 

1 6- 1. Aircraft need more than one way to 
operate the wheel brakes. Considerable damage 
can be done by an aircraft running off the end 
of the runway to brake failure. Many different 
types of backup systems are used. Sorne are 
referred to as emergency systems and others as 
auxiliary systems. The method of operation can 

' be by hydraulic pressure or air pressure. 
16-2. Combinatian Normal and Auxiliary 
Brake Systems. Before we get into figure 62^ 
we need some background information. We 
need to get the picture of the wheel and braking 
system that we will use as an example. Figure 
62 is a part of this system. There are two sets of 
dual wheels located side by side under the for- 
ward part of the fuselage. Two mor^e sets are 
located side by side toward the rear of the 
fuselage. The fro^t wheels are called the left 
forward mains and the right forward mains. 
The rear wheels are called the left rear and the 
right rear mains. y 

16-3. There are four brake systems used, one 
for each set of dual wheels. The four systems 
are alike except for the method of metering the 
fluid to the brakes. The two forward wheel 
systems use mechanically actuated metering 
valves. The two rear systems use hydraulically 
actuated slave metering valves. These receive" 
their pressure signal from one or the other for- 
ward metering valves. In order to explain rtiis 
system systematically, we shall first discuss one 
of the forward main wheel systems. After this 
we will see how all four systems are in- 
terconnected with each other. 
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A. 
B 

C 
D 
E. 
F. 
G. 
H. 
J. 
K. 
L. 
M 
N. 
O 
P. 
Q. 
R. 
S 
T 
U- 
V. 

w. 

X 



I HYOKAUIIC POWER PACK PRESSURE 

} METERED BRAKE PRESSURE 

] RETURN TO PACK i^ESERVOIR 

] HAND PUMP SUPiflY 



Metered fluid pressure line (iti left forward wheels) 
Metered fluid pressure line (ii> rear wheels) 
Brake metering valve (left lorward) 
Brake pedal 

Brake metering valve /return line 
Auxiliary h:ind pump/ 
Auxiliary hand punjf^ inlet line 
Pressure' line from power source 
Brake system' accumulator 
Accumulatr^r air pressure gage 
Antiskid valve return line 
Antiskid valve 
Rcbtrictor valve 
Hydraulic fuse 
Brake unit 
Brake unit 

Low-pressure relief valve 
Hydraulic tW 
Overboard drain 
Restrictor valve 
Antiskid valve " 
Relief valve 
Return line, 

Figure 62. Brake system (left forward main). 

16-4. For our first discussion, we will use 
figure 62. The dotted line in the drawing iheans 
this is only part of a larger drawing. H^raulic : 
pressure enters Jhrbugh pressure inlet line H 
for the birakes shown in figure 62. It charges ac- 
cumulator J and bressurizes the line to tjrake 



system is auxiliary hand pump F. The pump 
dra^s its fluid supply from the main system 
reservoir. It also supplies pressure to the left 
forWard brake metering valve C and ac- 
• cumulartor J. Relief valve W 'is installed in the 
system to prevent excessive pressure during 
hand pump operation. The check valve in 
pressure iniet H insures that pump F's output 
goes^only to the bral^ 

1^-5. i^ir pressure gage^K is connected in the 
pncfuiiiatic line of the accumulator. It indicates 
handl pump and system pressure any time the 
hydraulic pressure goes above the air preload of 
an acfcumulator. Left forward mqtering valve C 
delivers metered pressure to the two left for- 
ward^*,wheels. Pressure line A goes to the (or- 
wardl brakes and B goes to the aft. The aft 
brakes are slave operated. Pressure to the 
brakes '\i adjusted by the mechanical linkage to 
the iji>etering valve. Some brake units installed 
on aircraft do not require pressure in excess of 
600,;|to 800 psi. Therefore, you adjust the 
link'^ij^e so that full system pressure cannot 
reacH thje brakes. Consult the aircraft TO for 
the ijljaximum psi setting. Pressure to the brakes 
is dilyctly proportional to pedal (D) force ap- 
plict%^ To get maximum brake pressure, the 
pedaf| must be fully depressed, 

16-% ^^hen the pilot applies the brakes, 
pressure IS directed through pressure lines A 
and B.\Jf you follow pressuVe line A, you will 
come u> aiUiskid valves M and V. From the an- 
tiskid v.aWi^, it is directed through restrictors N 
and l3; thcA on through hydraulic fuses O and 
S; and fiiialliy to the brake units P and Q. The 
antiskrd^^system is used on inany of our aircraft 
to prevent wheel skid during braking operation. 
It autoitjaticaliy i^leases brake hydraulic 
pressure from the ^Jreef-t^ndihg to skid. The 
solenoid -operated antiskid valves, M and V, 
are energized an<i opened by electrically 
operated skid defectors. These are usually 
mounted on the hub of the landing gear wheels. 

1647. Restrictor valves N and U are installed 
in eachl^rake pressune Whe to jiampen out any 
pressure^ surges, ^i^h pressure surges could 
' damage the brakes or cause unintentional brake 
locking.. Hydraulic fuses b and S are installed 
in each brake pressure line to limit the loss of 
hydraulic fluid. Witfiout them, much fluid 
could be lost by a broken line downstream. 
Low-pressure relief valvell is installed in frt^ 
brake line between the hydraulic fuses and the 
brake urti^s. This valve prevents damage to the 
brakes from a sudden increase in hydraulic 
pressure. The brake units are of the 
hydraulically operated segmented rotor type. 
Callouts G, L, T, and X are self-explanatory. 



metering valve C^AIso installed in this brake ^ 16-8. We have now completed our ex- 
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planation of the brake system for the left tor- 
ward main wheels of this aircraft. As previously 
meiuioned* there are four systems installed on 
this aircraft: one for the left forward wheels and 
one for the right foifward wheels; one for the 
left rear wheels and one for the right rear 
wheels; With the exception of the hand pump, 
the two forward systems are identical. The only 
difference in the fprward and rear systems is the 
metering valves. The rear systems , use slave 



metering valves, while the front systems use 
conventional metering valves. In the system are 
other hydraulic units which are very important 
in the operation of the brakes. These units are 
used in the interconnection of the four systems 
and are shown in figure 63. 

16-9. The brake pedal cables in figure 63 are 
mechanically connected. This is done by the 
roii which connects cable quadrants A and F. 
This allows either pedal to position both for- 



> 




METERED BRAKE PRESSURE 



ALTERNATE BRAKE PRESSURE 



A«<,/6ight brake pedal cable quadrum 
/Bx^ Righe iDrward tnclcring valve 

C. Allcrnale slave eoiitrol valve 

p. Hydraulic fuse 
. E, Lel't forward iiietering valve 

F. Left brake pedal cable quadrant 

G. * Auxiliar\ hand pump 



J RETURN 



H. Pressure line 

J. Antiskid return tine 

K. Metering valve return line 

L. Slave metering valve 

M. Pressure line 

N. Antiskid return line 

O. Keft rear brake system 



Figure b3. Complete hydraulic brake system. 



P. Shuttle valve 

<jf.| Shuttle valve 

R. Right rear brake system 

S. Pressure line 

T. Slave nietering valve 

U. Hydraulic fuse 

V. Pressure line 
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A. Right-hand ineteriiig valve 

B. Air pressure gage ^ ; 

C. Recharging valve 

D- Hydraulic pressure poinrs (ro shuttle vah^c) 

E. Air pressure line to the tct't-hund brake assembly 

F. Shuttle valves 

G. Air bottle 

H. Overboard outlet (air brake pressure relca>L-) 
J. I^eft-hatjd metering valve 

Figure 64. Air-operated briike system. 

ward metering valves. The left forward 
metering valve provides pressure for nortnal 
operation of the aft slave metering valves. The 
fluid under pressure goes from metering valve E 
through fuse D. From there, it goes to alterna^ 
slave, brake control valve C and positions it. 
Now fluid from the right forward metering 
valve B cannot pass through it. Fluid from the 
left metering valve also goes on to shuttle 
valves P and Q. Jt goes through the shuttle jnto 
slave metering valves L and T to operate the 



brakes. Right Jorward brake ineicrini; viilveji 
furnishcs*prcssurc IWr normal npcraliu«i n| the 
riffin forward brakes only. Should the normal 
sy.va*m.yai7,^ the right forward lugicrin^ valve 
furnishes' pressure for the two slave metering 
valves. This happens wheii^ressure froin valve 
E cannot hold slave control valve C open. Then 
the pressure from inetering- valve B goes 
through alternate slave controt valve C and 
through fuse U. It thvn moves shuttle valves P 
aiid Q Over to allow tluid from the ali<.Mivare 
system uveiUci>^lave^^ L and T. This in* 
sures operation of a niimmum of three sets of 
brakes in oither normal or alteinate nperaiion. 
The remairider-oY the caliouts-mrfigure 63 are 
self-explanatory. / 

16-10. You may have forg^i^en the internal 
operation of some of the units mentioneef 
above. If so. p'fck up your Volume 2 and refresh 
your memory of brake components in Chapter 
6 of that volume. 

fl6-ll. Air-Actuuled Emergency BrakcN, A 
number of aircraft use compressed air fcir 
emergency operataon. A typical air-nperated 
brake system is shown in tlgurtj 6*1. The aii- 
brake systgm consists Df air bottle Lr^ gage 13. 
metering valves .^ and J. and- shuttle valves \'. 
The air bottle is equipped with a special quick- 
disconnect fitting. This ctiables the bottle to be 
easily replaced when the " air charge is 
exhausted. Tlie bottjt may also be recharged 
through ret^harging valve line C. The system is 
charged to a pressure given in the applicable 
TO. It is read on gage B located in the pilu»*s 
compartment, v / ( 

1 6-1 2. During emergency operation, air 
pressure is routed through metering valves A 
and J to the shuttle valves b. Nortnaliy. the 
shuttle valves are held against the air inlet port 
by internal springs and hydraulic pressure. 
During airbrake application, the shuttle vaivr*. 
are forced against hydraulic pressure inb^i porrs 
D. This prevents air from cnterinu Hk- 
hydraulic system. Action of air*prcssiire within 
the brakes is similar to hydraulic flui<l ap- 
plication: howevei^ if the brakes arc :»pplied by 
air pressure, you must bleed the brakes of air 
before further flights. A complete explanation 
of the bleeding of hydraulic brakes was given in 
Volume 2. Section 22. Callouts F 5ind H arc 
self-explanatory. 

16-13. By understanding the information in 
this volume, you should be. abic to adapt it to 
any aircraft that you work on. The principles of 
hydraulics and basic system con^trlu:riotl 
remain constant. ^ ^ , . 
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h Use this^ Guide as a Study Aid. It emphasizes all important study areas of this volume. Use 
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Guide and draw a line under the Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course. - .. 
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33-37 
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Control Operation; pages 55-61 
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CHAPTER REVIEW EXEkOSfe ' . ^ 



The following exercises are study aids. Write your answers in pencitih the space provided after each exercise. 
Immediately after completing each set of exercises, check your responses against Jthe answers for that set. Do 
not submit your answers to ECI for grading. 

CHAPTER 1 

Objectives: To demonstrate knowledge of aircraft recognition and location of components; also, a 
knpwledge of the principles of flight and flight control. 

L What is kinetic energy? Give some examples. (US) 



2. What are the three states of matter? Give characteristics of each. (1-8-11) 

3. In measuring pressure with a manometer, a reading of 5 inches of mercury is equal to what? 
(2-2) . 



4. What two factors determine air density? (2-5) 



5. What is the effect of high altitude on the maneuverability of aircraft and on the speed of jet 
aircraft? (2-6) / . 



6. For an aircraft wing to create lift, which must be longer, the upper cj^ms^^ the lower 
camber? (2-12) 



* 7. What are the four aerodynamic forces acting upon an aircraft? (2-13) 

8. On which surfaces of an aircraft wing are found the higher pressure and the lower pressure 
during flight? (2-15) 

•T 

9. Name the three axes around which an aircraft moves. (2-17) 
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10^ What the) tenns that* describe motion around the thrfe axe^i of an aircraft? (2-17) 

• ■ ^ ■ V 

11. About which axis does the elevator rotate the aircraft? (2-20) 

12. Which flight controls will a pilot normally use while making a turn? Why? (2-21,22) 

13. What function^ do elevorfs serve? (2-26) 



14. When the elevator trim tab is moved up, what change in flight attitude will the aircraft make? 
(2-27) 



15. Which control momentarily destroys part of the negative pressure pattern On a wing? (2-31) 



16. What type of control assists in maintaining laminar flow across tJe wing at high angles of 
attack? (2-35) " 



17. Which component is the main- supporting member of the wing? (3-3) 
T8. Name the three basic designs of retractable landing gear. (3-4) 



19. Give at least two characteristics that enable you to distinguish the following aircraft from each 
other: B-52G and C-135B; F-104C and F-106A. (4-6-9) 



20. Explain the designation of each of the following aircraft: C-9A, RF-4C, B-52G, and KC-135A. 
(4-10-15) 



21. What is used for vertical, lateral, and horizontal reference to locate aircraft components'' 
(4-17-21) 
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22. VVhat iure^^ w^ ^crafl;? (4*20) 

23. In what order are aircraft engines numbered? (4-21) 

% ■ ■ 

CHAPTER 2 

Objectives: To showman understanding of the composition of atoms and the direction of current flow 
by electron theory; to be able to apply Ohm's law; and to show a knowledge of how to check elec- 
trical circuits with the use of a multimeter. ' 

a 

1. What are atoms xbmposcd of? (5-2) 

2. In electricity, what do we call a substance with a large number of free electrons? (S-3) 

3. What type of electrical current is used mostly in pneudraulic circuits? (5-7,8) 

4. A battery can be related to indiich hydraulic unit? Why? (5-9) 

5. What is.the common term used for electromotive force? (5-11) 

6. What causes current to flow in jin electrical circuit? (5-11; 7-7) 

7. How do you find the total voltage drop in a series circuit that contains several resistive units? 
(5-14.24) 

^ 

8. Which direction does current flow under the electron theory concept? (5-16) 

9. The current in a circuit is equal to the • by the . (5-18,19) 
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10. Name the three types of electrical circuits. (5-23) 



11. IHow do you find the total resistance in a series circuit that contains several resistive units? 
(5-24) 



12. What is the main advantage of using parallel circuits? (5-26»27) 



13. How docs the total, resistance in a parallel circuit compare with the resistance in the individual 
paths? (5-26) 



14. How are units wired into a series-parallel circuit? (5-29) 

15. How are aircraft circuits usually wired? (5-31) 

- \ . ' ' ' 

. . \ 

16. What determines the strength of the magnetic field in a solenoid? (5-32) 



r 

17. Which has the permanent fixed^iron core, a relay or a solenoid? (5-32) 



18./ Define an open circuit. (6-3) 



19. How do you find the voltage at a certain point in a circuit? (6-8) 



20. What type of electrical trouble would cause a system to operate when the switch for another 
independent system is closed? (6-11) 



21. How would you check to see if a section of wiring is shorted to ground? (6-12) 
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22. In the above question, ^liat is the reading if there is a short? If there is no short? (6-12,17,19) 



23. Giv0 some indications of a grounded circuit. (6-1 6, 17) 

24. Give the indications of low-voltage operation of an electric-motor-driven pump. (6«21) 

25. What wiU the AN/PSM-6 VOM measure? (7-2) 

26. What is the purpose of adjusting the OHMS AdJ knob prior to using the multimeter? (7-2). 



27. Where would one touch the multimeter leads to check the voltage across the coil of a solenoid? 
(7-4) 



28. In a circuit energized by a 24«volt battery, what will be the voltage drop across an open? 
(7-10) 



• 1 . . ' 

29. Explain the precautions that should be observed when connecting an ohmmeter to an electrical 

circuit. (7-13) 



30. What kind of a reading will a partial short give on an ohmmeter? (7-14) 



CHAPTER 3 



Objectives: To demonstrate the ability to describe the operation of hydraulic and pneumati^ power 
systems. 

1. What type system has no pressure when its subsystems are not operating? (8-3,4) 



2. How are selector valves arranged in an open center system? (8^) 
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3. Why is a regulator of some sort required with the use of engine-driven pumps? (8-5,6) 

i 

4. Why is an accumulator an important unit in a closed-center system? (8-6) 

5. How are the selector valves arranged in a closed-center system? (8-7) 



6. Why are line disconnect valves placed on the lines leading to and coming from the power pump? 
(8»10) a 



7. What advantage is there in using two powier pumps in a hydrauUc system? (8-10) 



8. Referring to figure 27, what would b^^ the effect on system operation if one of the pumps 
failed? (8-11; Fig. 27) 



9. What hydraulic unit in a closed<enter system is not necessary when using a variable-volume 
pump? (8-12) 



10. What is the purpose of controUable check valves in a hydraulic system? (8-13,14) 

11. What component regulates the output of the demand type variable volume pump? (8-13) 

12. What is the function of a priority relief valve? (8-18) 



13. What is the main constructional difference between a balanced priority relief valve and a 
conventional reUef valve? (8-19-21) 



14. Should the pressure regulator become inoperative, what unit would prevent excessive pressure 
in the system? (8-22) 



m 



IS, In an etectrically driven pump power section, how and when does flTe motor receive current? 



(8-22y 
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16. What units usually are the connecting points between pneumatic and hydraulic systems? (9-4)» 



17. How are the air flasks in thi? high-pressure pneumatic systems charged? (9-5) 



18. What is the primary purpose of the. priority valve in the pneumatic system illustrated in figure 
• 31? (9-5; Fig. 31) 



19. Why are restrictors check valves placed in the inlet and outlet parts of some pneumatic 
actuating cylinders? (9-7) 



20. Refer to figure 31. After depressurization of the nonpriority air flasks (D) during a ground check, 
it was determined that the left brake ag?tem was inoperative. What would be the most probable 
cause? (9-9; Fig. 31) . 



CHAPTER 4 

Objectives: To show a knowledge of the construction of actuating cylinders and to explain the opera- 
tion of different types of actuating systems. 

<i , ■ . 

1. In what type actuating system would a nonatitomatic control system be used? (10-1) 



2. Name three methods of sequencing. (10-3) 



3. Why must the operation of some actuating systems be ..sequenced? (10-3) 



w is a system sequenced by the pressure method? (10-7) 

I • 1 
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5. What components are used in electricially sequencingihe operation of a hydraulic sjrstcm? (10-10) 



6. When a bomb-bay door opens, why must the jamb\ latches open before the center latches open? 
(10-11) . ' ^ 



7. In closing the bomb-bay doors, what two tWngs mustlhappen before the jamb latches 
operate? (10-11,12) ^ 
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8. In the electrically sequenced landing gear system shown U fibres 39 and 42, are the gear and 
door control valves moved into or out of neutral by the\ electrical solenoids? (10-16-18; Figs. 39,4: 



9. What provision is made to prevent landing gear retraction>hile the aircraft is on the ground'' 
(10-18) ^ . 5* • 



10- What is the function of a foUowup system? (11-1) 



(U^l)^^^ actuating subsystem would most Ukely use an automatic position control system? 



12. What type of foUowup system uses a set of opposing gears? (Il4) 



13. What is the function of hydraulic boost systems? (11-8) 



14. "What is the purpose of "load feel," and where is it used? (1 1-8,9) 



15. What is the purpose of a control lock system? (12-2) 



16. When the; control lock system is in the locked condition on the ground, does it prevent all 
movement of the control surfaces? (12-5) ' 



17. What does the pitch trim system do and to what component? (12-10) 

18. /flow is the pitch trim system actuated? (12-12) 



19. Where would a hydraulic slave system be used? (12-16) 



20. GiVe a primary feature of the directional control valve of the rack*and-pinion type steering 
mechanism- (13-3) ' . 



What is the reason for opening the bypass valve between the two actuating cylinders of a^ 
nose^eel steering mechanism? (13-5) 



22. Which unit in the steering damper unit shown in figure S3 would be defective if the steering 
unit operated while on jacks? (13-9; Fig.53) ' 



23. What would be the most probable cause, in a nosewheel damper system, if the nosewheel 
would turn in only one direction (13*14) 



I . CHAPTERS 

Objective: To demonstrate knowledge of emergency pneudraulic systems and to •^xpl^ why emer- 
gency systems are necessary. 

1. What is a basic characteristic of pneudraulic emergency systems Ip general? (Intro.-l) 



2. Do all aircraft have emergency hydraulic systems to use if the normal hydraulic system fails? 

/ . 

,/ ■ ^ 

^ 3. What means can be used to supply emergency pressure? (14-2,22; 15-8; 16-11) 
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■--m -f "^'^"^^^^ Selector vai*. l,ft in th« normal position in the system diown in figure ' ' f 



6.- How is automatic cliangeover prevented in the system shown in figure 58 when there is insuf 
ficient pressure in the alternate system? (14-14; Fig. 58) 



8. When wiU the green lights glow in a landing gear warning system? (15-2) 

9. What does the red light indicate in a landing gear warning system? tl5.'2,5) ,N 




L"sero? wllf "^'^ f '^'"'^ ^"'"P draw .fluid from, the bottom of.. the/ 

reservoir while the normal system power pump draws fluid from a stand pipe? <15-9) 

11. Is fuU hydraulic system pressure applied to the aircraft brakes during braking? Why? (16-5.7) 

I 

12. What is the source of air pressure for air-actuated emergency braking? (16-11) 



14. Why are shuttle valves used in hydraulic systems? (IS-Jl; 16-12) 
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ANSWERS FOR CHAPTER REVIEW EXERCISES 
CHAPTER 1 



A . Eneigy duer to motion. Moving car, aircraft in flight, wind, and flowing stream. 

( ■ ;■ 

2. Solid, liquid, and gas. Solid has definite shape and definite volume. Liquid has definite volume 
but no definite diape. Gas has no definite -volume and no definite shape. 

3. It is equal to the weight of S inches of mercury. . » 

4. Temperature and pressure. 

5. An aircraft Is less maneuverable but flies faster for a^given thrust. 

A / 

6. The uppefr camber must be longer. ' ' 

7. lift, weight, thrust, and drag. 

8. The higher pressure is on the lower surface and the lower pressure is on the upper surf^c^ 

9. The longitudinal axis, lateral axis, and vertical axis. 

10. Roll, pitch, and yaw. 

11. About the lateral axis^ . 

12. Rudder and ailerons. The rudder tun^s the aircraftj^ the ailerons are used to bank the 
aircraft to prevent sideslipping. 

13. Both as ailerons and elevators. ■ , 

14. Tab moves up and forces the elevator down, which raises the tail and^lowers the nose ot the 
aircraft (dives). 

15. Spoilers. 

16. Slots. 
J» Spar. 

18. Conventional, tricycle, and bicycle. 



19. B-52G 
High wing 
Dual engine pods 

F-104C 
Straight wings 
'T' tail 



Low wing 

Single engine pods 

F^106A 
Delta wings 
Squared off stabilizer 
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20. e~9A vfi^ • 

. RF-4G • Modified mission of reconnaissance, basic mission fighter, 4th model, 3rd series. 
B-32G - Bomber, model, 7th series. 

KC^13SA • Modified to a tanker, basic caigo, model, 1st series. 

21. Station numbei^, buttock lines, and water lines. 

•r ■ . . ■ • 

22. They are lines tvhich represent horizontal planes in the aircraft which are measured distances . 
from a horizontal reference plane below the aircraft. 

23. ^fumbered from left to right. T 



CHAPTER 2 

^- 

1. Hectrons (negatwely charged particles), protons (positively charged particles), and neutrons 
(neutral particles). 

2. A conductor; in general, metals and their alloys. ^ 

3. Direct current. 

4. An acciijmulator. The battery stores electrical energy (pressure), whereas the accomulator stores 
hydraulic pressure. ' 

5 . VrfU^ " 
^Current will flow any time there is a difference in voltage between two points. 

7. You add the voltage drops of all the units or you read the voltage of the power source. 

8. Negative to positive. 

9. Voltage divided; resistance. 

10. Series, paralllil, and series-parallel. 

11. You add the resistances the units. 

12. In a parallel circuit, when one unit bums out the other wiU still operate. In a series circuit, 
when one unit bums out the others will not operate. 

13. The total resistance of the entire >circuit is less than the smallest resistance of any path. 

14. Some units are in the series part of the circuit and others are wired intojparallel portions. 

15. Aircraft circuits are usually one wire circuits with the airframe acting as ground. 
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18, An incomplete circuit caused by an accidental break in the wire is called an< open circuit 
Any time we have an incomplete circuit, we have an "open" circuit. 

19. Place th&^posid^ lead of a voltmeter at the point and the grourtd lead on the aircraft structure, 

2d, A short circuit, "short," or "shortened circuits," A short can be caused by two wires rubbing " 
together and breaking down the insulation. 

21. Disconn'^t both ends of the wire and place one ohnuneter lead on the wire and the other on 
the aircraft structure. ^ 

-^^^ ^ ^ 

22. The readmg is a low resitance if there is a short and an infinity r^^sistance if there is ho 
short. 

23. When a positive lead is grounded, there will be little or no resistance, which will cause very 
large currents to flow. Voltage will decrease to zero. Wires >will heat up because of the current" 
flow, with a possitiility of fire. L 

24. Low voltage would cause the motor to run slowly and also cause overheating. 
25w The AN/PSM— 6 is used to measure volts, amperes, and ohms. 

26. To zero the pointer on the ohms scale, which w31 compensate for sT decrease in battery voltage 
due to age and use. u 

*■ 

27. At each terminal of the coil. . " 

28. 24 volts. ^ 

29. When an ohmmetef is used, the component under test must be disconnected from the circuit 
or the electrical p^wer must be turned off. 

30. Somewhere between an infinity and a zero ohms reading. 

• ■ % " , ■ " 



CHAPTER 3 

1. Open-center system. ^ 

2. In series with each other. 

3. A constant load on the pump would wear it out quickly. The regulator takes the load off the 
pump except at times of peak loads. 
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4. It stores fluids under pressure for faster and smooiher system operatiph and prevenTs the 
regulator from operationg too frequently through min 

- ■ / 

5. In parallel to each other. , / 

6. To aid in^the removal of the pump without excessive loss of fldid, and for test stand connection. 

'••'// ^ ' ' ■ ' 

A more steady and rapid flow of fluid; also, if one of the pu;iips should failt the remaining 
pump keeps the system in operation. 

8. System would operate, but at a slower rate, and a check valv6 prevents motorizing the dead pump. 

9. Pressure regulator. 

10. They can be closed to isolate various sections. 

11. The pump compensator. / ^. 

12. It insures minimum pressure at all times in some part bf the hydraulic system, whether or not 
other parts of this system are in operation/ ^ 

13. A balanced priority relief valve has a rod attached tq the ball on the back side to eliminate 
back pressure effect, whereas a conventional relief valve does not. 

■ ' ■ I ■ ...... 

14. System relief valve. 

15. After the start switch is closed, thdfmotor gets pow^r whenever the system pressure switch 
closes (because of^owered pressure). 

■ •• 

16. Shuttle valves. 

17. Either from a high-pressure air compressor or from a nitrogen cart. . * 

^ \ ' ■ • ' ■ 

18. To reserve air pressure for operating the ram-air turbi'i^e, drag chute, speed brakes, and landing 
gear in the event air pressure in the nonpriority flasks\drops below a given point. 

19. For snubbing action and speed control. \ 

20. The leaking check valve (K). ' -^^ 



CHAPTER 4 

1. In systems where full-throw operation is necessary. 

2. Mechanical, electrical, and pressure. 

3. To prevent some part of the system from interfering with the operation of other parts of the 
system. . 
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. 4. By relief valves with successively higher settings. 

5. Motor or solenoid controlled valves and microswitches. 

6. If the center latches were^ opened Tirst, the doors would partly open and bind the jamb 
latches. 

7. The doors must dose and the center latches must be latched before the jamb latches can 
operate. 

8. The gear and door control valves are moved out of neutral by electrical solenoids and into ^ 
neutral by hydraulic pressure. , 

9. A ground safety switch on the gear breaks and gear-up circuit while the aircraft is on the 
ground. 

10. It returns the selector valve to the neutral position when the desired travel has been reached. 
.11. Control surface boost and nosewheel steering systems. 

12. Differential type. 

13. To facilitate pilot control of the flight controls. 

14; It helps prevent overcontrol by giving the pilot an indication of t)^ force necessary to move 
the controls. It is used in control surface boost systems. 

15. Prevents damage due to fluttering of control surfaces while the aircraft is on the ground. 

16. No, they can be moved ilowly. „ 

4 

17. It raises or lowers the front edge of the horizontal stabilizer to change its angle of attack. 
Thereby, it corrects for a nose high or low attitude. > 

1 8. By two independent actuators. One is electrical and the other is hydraulic. 

19. On large aircraft tq^ operate isolated mechanisms, thereby saving weight in tubing, fittings, 
and fluid. 

20. A primary feature is an open-center type valve. 

21. To let the nosewheel swivel freely during towing. 

22. A broken spring in the safety shutoff valve (E). 

23. A clogged orifice check valve. • 
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^ CHAPTER 5 

1. They operate only those compoents essential for mission completion and s^e^; also, they 
differ on eveiy aircraft. 

2. No, some require manual override by the pilot. 

Hand pumps, ram-air turbine, electrically driven pumps, and air stored under pressure. 

4. To prevent fluid expansion, due to temperature rise, from shifting the shuttle valves. 

5. An electrically driven hydraulic pump and an emergency reservoir. 

6. By using the alternate system pressure switch (K) as a ground for the alternate system shutoff 
valve (L) and the normal system bypass valve (B), there will not be a complete circuit. 

7. To allow changeover to the alternate system only if it is pressurized sufficiently. 

8. When each gear is down and locked, its green light will glow. 

^" i - 

An unsafe condition in the landing gear system during extension or retraction. 

10. In case there is a ruptured line the power pump cannot pump all the fluid in the reser^'oir 
overboard. The fluid below the standpipe inlet is reserved for emergency use, pressurized by 
hand pump. 

11. No, full system pressure would damage the brakes. 

12. Compressed air bottles. 

13. The mechanic must "bleed" the brakes before the next flight. 

14. To separate emergency ^steins from normal systems. 



a 
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VOLUME REVIEW EXERCISE 

» 

Carefully read the following: 
DO'S: 

1. Check tlje ''course/' •'volume/' and ''form'' numbers from the answer sheet 
^ address tab against the "VRE answer sheet identification number" in the 
righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. 

■• 

'2. Note that numerical sequence on answer sheet alternates across from column 
to dolumn. 

3. Use only medium sharp #1 black lead pencil for marking answer sheet. 

4. Circle the correct answer ip this test booklet. After you are sure of your 
answers, transfer them to the answer sheet. If you have to change an answer 
on the answer sheet, be sure that the erasure is cqpiplete. Use a clean era,ser. 
But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT super\'isor. 

— If vo lun tari l y enrolled-^st4id&nt^end-que!^tions-^r--CQmment&-tQ.-E^ 
Form 17. 

DON'TSr - ^ 

L Don't use answer sheets other than one furnished specifically for each review 
exercise. * 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks. or excessive markings which overflow marking blocks will register as 
errors. • / 

3. Don't fold, spindle, staple, tape, or mutilate >lhe answer sheet. 

4. Don't use ink or any marking other than witli a #1 black lead pencil. 

NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLUME 
REVIEW EXERCISE. In parenthesis iifter each item number on the VRE 
is the Text Page Number whci^ the answer to that item can be located. 
When answering the items on the VRE. refer to the Text Pages indicated 
by these Numbers. The VRE results will be sent to you on a postcard 
which will list the tlctual VRE items you missed. Go to the VRE booklet 
and locate the Text Page Numbers for the items missed. Go to the text and 
carefully revieuj^the areas covered by these references. Review the^ entire 
VRE again before you take the closed-book Course Examination. 
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1. MATCH ANSWER 2. U S E NUMBER 
SHEET TO THIS PENCIL. 
EXERCISE NUM- 
BER. 



Multiple Choice 
Chapter 1 

1. (001) The law of the conservation of energy states that energy can be 

a. created only c. either created or destroyed. 

b. destroyed only. neither created nor destroyed. 

2. (002) Matter having definite shape and a definite volume should be classified as a 

d. semiliquid. . 

3. (002) Matter in the liquid state has 

a. a definite shape and volume. 

b. no definite shape or volume. . 

c. a definite volume but no definite shape. 

d. no definite volume but a definite shape. 

4. (002) A fixed volume of gas will exert a greater pressure when it is 

J-^""'^''- c. compressed. 

d. subjected to moisture. 

5. (003) The maximum amount of water vapor that the air can hold depends primarily on what 
characteristic of the aii? 

^^""*y Q c. Composition. 

^^'^^'J^- ' , d. Temperature. 

6. (003) The reference line which runs straight through the airfoil and connects the farthermost 
pomts of JIhe leading^and trailing edges of the airfoil is the 

~ ^ c. lateral axis. 

d. verUcal axis. , 

7. (003) If the lift of an aircraft is equivalent to its weight, theoretically, the aircraft should 

a. climb slowly. c. fly erratically. 

b. descend slowly. ^ d. maintain a constant altitude. 

8. (004-005) The motion of an aircraft about the longitudinal axis is called 

^•ya*'- croll. 
^- d. pitch. 

9. (005) The flight control surfaces that4:eptrol the movement of an aircraft about the lateral 



axis are the 

c. ailerons. 

""^^^ d. elevators. 
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10. (006) Hie flight control surfaces thai serve as two separate flight controls are the 

a. "elevens. c. wing flaps, 

b. trim tabs A stabilaton. 

11. (007) The flight control surfaces that are designed to compensate for load changes are the 

a. spoilers. c. fixed tabs. ^ 
d* trim tabs. i movable stabilizers, 

12. (008) The aircraft slots are located on the 

• a. leading edge of the wing. c. training edge of the elevator. 

b. trailing edge of the wing. d. trailing efdge of the ailerons. 

13. (008) The main support members running fore and aft of the aircraft fuselage are called 

a. formers. c. longerons. 

b. stringers, d. bulkheads. 

14. (008-009) 11ie|main support members for the wings of an aircraft are the 

a- ribs. c. formers. 

c. spars. d. longerons. 

15. (009-010) The wing dihedral is a distinguishing characteristic of anjaircraft that describes the 

a. sweepback of the wing. 

b. up or down slant of a wing. 

c. position of the wing is mounted in the fuselage, 

d. ratio of the thickness of the wing to the cross-sectional area. 




16. (009-011) When making a distinction between the different aircraft existing within a type, 
the aircraft identifying designator that should be listed first is the 

a. basic mission symbol. c. aircraft series symbol. 

b. status suffix symbol. d. modified mission symbol. 

17. (Oil) In the system of designation for all Department of Defense aircraft, an S mission symbol 
designates that an aircraft is of what type? 

a. Research. c. Antisubmarine. 

b. Search/Rescue. d. Special electronic installation. 

18. (013) When locating specific aircraft units, aircraft station num^rs are used to represent the 
distance from station 0 in 

a. inches. c. yards. 

b. feet. d. meters. 
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. Chapter 2 

19. (014) Due to the smaB proportion of free electrons they contain, what substances may be used 
as insulators? 

a. Mica, silver, and rubber. c. Copper, bakelite, and glass, 

e b. Mica, rubber, and copper. d. Mica, bakelite, and plastics. 

20. (016) When referring to an ac electrical circuit, a hertz is 



a. ?4 cycle per second. c. IH cycles per second. 

b. 1 cycle per second. d. 2 cycles per second. 



21. (016) Which unit in the aircraft l^draulic system serves the same function as a battery in an 
electrical ^stem? 

a. Accumulator. c. Control valve. 

b. Relief valve. d. Actjjpting unit. 

22. (016) The pressure that forces free electrons through a conductor is called the electromotive 
force or the ^ 

a. wattage. c. voltage. 

b. amperage. i resistance. 

■ • "4. 

23. (016) An electrical current consists of electrons moving through a closed circuit from 

a. positive to negative. c. positive to positive. 

b. negative to positive. d. negative to negative. 

24. (017) According to Ohm*s law, the current in an electrical circuit that ha;5 a resistance of 12 
ohms and a power supply of 48 volts would be 

a. 2 amperes. ^ ^ c. 24 amperes. 

b. 4 amperes. * d. 96 amperes. 

25. (017) In a series circuit, the total resistance will be 

a. less than the largest resistor in the circuit. » 

b. the total of all the resistors in the circuit. ^ 

c. less than the smallest resistor in the circuit. 

d. equal to the total current divided by the total voltage. 

26. (018) An advantage of a parallel circuit over a series circuit is that 

a. the parallel circuit operates at a lower voltage than the series circuit. 

b. the parallel circuit does not require as much current as the series circuit. 

c. the parallel circuit provides an independent path for two or more electrical devices to operate. 

d. if one device fails, the remaining portion of the parallel circuit wUl riot operate. 



27. (018) The total cunent in r parallel circuit is T 

a. equal to the pro^uet^ of the cunent flowing through all branches of the circuit. 

b. equal to the*^urrent flowing through the largest branch of the Circuit. 

c. equal to the sum of the current flowing through all the branches of the circuit, 
d* less than the smallest current through any branch of the circuit. 

28. (020) In aircraft wiring installations werc^ connections froi^ each piece of equipment are made 
directly to the structure of the aircraft, the metallic parts lof the aircraft structure serve as 

• . • r . • . ■ 

a. ground. c. power liads. 

b. insulators. d. the parent circuit. 

29i (020) An open circuit is an electrical circuit in which \ ^ . 

• • , ' , ' i 

a. the path is broken. \ 

b. an additional device is placed in the system. \ 

c. the cunent flow is too high for voltage input. 1 * 

d. the voltage is not enough to overcQme the cunent load. | 

30. (021) If a lamp won't light although a voltmeter indicates thatl there are 24 volts of power in 
the lamp and 24 volts at the other side of the lamp, the mos^ probable cause is that 

a. the lamp is burned out. 

b. a short occurred before the light. 

c. an open occuned before the light. 

d. an open occuned^ in the ground wire. " 1 

31. (022) When a short develops in an electrical lead, circuit resistance 

a. increases. c. fluctuates. 

c b. decreases. " d. stops all cunent flow. 

32. (023) In a grounded circuit, there will be a 

a. higher voltage flow through the circuit. 

b. a higher cunent flow because of lower resistance. 

c. higher cunent flow because of higher resistance. 

d. greater number of ohms<^in each unit or device. 

^ 33. (026;^ Refer to figure 23 of the text. When a multimeter is used to measure the voltage drop 
; across a 24-volt dc operated pump motor, the 

a. reading is taken on the*'0-~5 dc scale. 

b. reading is taken on the 0—50 dc scale. 

c. FUNCTION switch is set on D.C.V. and the RANGE switch is set on 24. 
11/ d. FUNCTION switch is set on either 1000 ohms-per-volt or 20,000 ohms-per-volt. 
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34« (020 Refer to VRE Figufe L Assxime that the warning light go^$ ofT when the cockpit switch 
is cjibsed, but ^the pump motor does not operate. If a voltmeter reads 24 volts when connected 
between pin 0 and ground, pin J and ground, and pin H and ground, you know that the 



a. 20>ampere fiise is blown. 

b. motor ground lead is open. 



c. relay points are defective. 

d. motor is internally shorted. 



1 AMP. ?fOCKPIT SWITCH 




PUMP 
MOTOR 
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Volume Review Exercise Figure 1 



35. (027) If there is^an open lead in a circuit being checked for continuity, the ohmmeter will 



c. indicate uilinity. 

d. Indicate belc^ normal. 



a. not indicate 

b. indicate 0 ohms. 



36. (027) If a relay is shorted out against the component housing, the rea^g on an ohmmeter 
would indicate 



a. infinity. 

b. low resistance. 



rV- ^ 

c. high resistance. 

d. no change in resistance. 



Chapter 3 



37. (028) The maximum pressure buildup in an open-center system is limited by the 



a. pump compensator. 

b. pressure regulator. 



c. system relief valve. 

d. opennrenter selector valve. 



38. (030) The advantage of a closed-center system over an bpenH;enter system is that the 
closed-center system can 



a. only be used on old type aircraft. 

b. operate only one subsystem at a time. 

c. operate two or more subsystems at a time. 

d. keep the power pump unloaded at all times. 
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39. (030) The unit used in a hydraulic system that equally divides the fluid between two units or 
systems is a ^ 

a, shuttle valve. * c. flow equajiizer. 

b. priority valve. d. constant flow valve. 

40. (030--031) The use of two power pumps in a closed^enter system results in 

a. more even fluid flow. 

b. greater possible t)ressure. 

c. faster operation of all mechanisms. ^ 

d. the continuation of one pump to produce if the other pump fails. 

41. (031) When one of the dual pumps in a closed-center system fails, the unit that prevents the 
good pump from motorizing the failed pump is a 

a. foot valve. c. shutoff valve. 

b. check valve. d. compensator piston. 

42. (031-032) In closcd<cnter systems, as system pressure increases, the variable-volume pump 

a. output decreases. c. output remains the same. 

b. output increases. * d. input drops to zero. 

43. (032) What unit in a hydraulic system is not necessary when using a variable-volume pump? 

4 

a. Reservoir. c. Selector valve. 

b. Relief valve. d. Pressure regulator. 

♦ 

44. (032) The unit used to isolate various parts of the hydraulic system is a 

a' relief valve. c. priority valve. 

b. control valve. d. controllable check valve. 

45. (033) A balanced-type relief val^ can 

a. not be used as a system relief valve. 

b. not eliminate back pressure in the hydraulic system without changing pressure in the system. 

c. give priority of operation to a^particular subsystem. 

d. unload the engine-driven pump Vhen the systems are not being operated.-^ 

46. (036) An aircraft pneumatic systo^ « serviced by 

a. an engine compressor. c. a ground air compressor. 

b. cabin pressuiization. d. a pneumatic pump on the engine. 

47. (033-036) Aircraft peneumatic systems are primarily used as 

a. normal systems. c. landing gear systems. 

b. emergency systems. d. flight control systems. 
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48, (036^037) The drag brace accumulator pressure is! used for 

a. brake operation. 

b. repilating the rudder feel cylinder. 

c. lowering the landing gear in an emergency. 

d. starting the engine when an air cart is not available. 



Qiapter 4 

49. (038) The selector valve in a nonautomatic hydraulic actuating system is controlled 

a. by microswitches. c, by electrical sequencing. 

b. manually by the operator. d. by mechanical sequencing. « 

: J 

50. (038) When the operation of various system units of a hydraulic actuating system must occur 
in proper sequence, the control of the sequencing system is not applied 

a. manuaUy. ' ^ c. electrically^ 

b. hydraulically. d. mechanically.- 

51. (039) Inj a pressure type sequencing, the type of valve that i§ used to set up the sequencing 
operation is a " 

a. relief valve. c.« pressure regulator. 

b. pressure reducer. d. pressure control valve. 

52. (040) A system that commonly uses electrical sequencing is the one that operates the 

a* flaps n- ^ " * c. pitch trim. 

b. ailerons. _ _ d. cargo do ors. ^ 



53. (041) Some aircraft landing gear systems have'a COMBAT position on th? control lever to 

a. insure that the landing gear stays retracted. ^ 

b. deduce the number of pressurized hydraulic lines. 

c. keep pressure in the hydraulic lines for fast extension. 

d. keep pressure off the hydraulic Inies so that the gear can free fall in an emergency. 

54. (041) The safety feature used on a landing gear system that prevents accidental gear retraction 
on the ground is * 

a. a gear handle safety pin. ^ a 

b. that the warning horn and lighf will come on when the gear is up. 

c. that the main gear safety switch breaks contact in the gear up circuit when the weight 
the aircraft is on the landing gear. 

d. that the steering valve must be deenergized before the gear handle can be placed in either 
position. ^ - *^ ^ 
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55. (042-043) Hydraulic actuating systems that may incorporate "load feel** are 

a. landing gear and brake systems. 

b. control surface boost and brake systems, 

c. wing flaps and nosewheel steering systems. 

d. control surface boost and landing gear systems. 

56. (043-044) When an automatic position control system is incorporated into an acutating system, 
the control system will 

a. require foUowup. c. not require foUowup. 

b. require load feel. d. not require load feel. 

57. (043*-044) The two most widely used foUowup mechanisms used on aircraft automatic position 
control systems are the 

a. mechanical type and the manual type. 

b. mechanical type and the electric^ type. 

c. mechanical type and the differential type. 

d. differential type and the electrical type. 

58. (046-047) With a diffemetial followup system, the followup action will catch up and neutralize 
the selector valve when ■ ■ 

a. mechanical input stops. 

b. electrical input stops. 

c. the actuators are at their extrenjes. 

d. a countennechanical movement is exerted. 

59. (047) In a closed-center boost system, the pilot gets load feel from 

a. the reaction chamber pressure. 

b. air preload pressure in* the boost-qriinderi 

c. a reaction to the pneumatic pressure applied. - 

d. the mechanical linkage and by doing part of the work or moving the control surface. 

60. (048) The purpose of the control lock system is to 
> 

a. prevent the linkage from moving during maintenance. 

b. insure that surfaces are properly aligned for takeoff. 

c. prevent control column movement during cable adjustments. 

d. prevent fluttering of the control stirfaces by gusts of wind on the ground. 

61. (05^ The control surface on which the pitch trim system is located is the 

a. rudder. c. elevator. 

b. aflerbn. d. horizontal stabilizer. 

62. (050) When fine adjustment of the pitch trim system is desired, the system is operated 

a. manually. c. electrically. 

b. mechanically. d. hydraulically. 

27 



353 



63. (050) An advantage of a hydraulically operated slave system on aircraft is that it 



a* reduces weight. 

b- gives faster operation of the primary system, 

c- reduces the mechanical advantage gained by the linkage. 

d. will allow the slave system to operate should the primary system fail. 

64. (051) A ciiaiacteristic of some aircraft steering mechanisms which does not describe nosewheel 
steering on aircraft is that it 



a« redude&^ear on tires. 

b. reduces taxiing speeds. 

c. requires the pilot to use the brakes more, 
d requires less attention on the part of the pilot. 



^5. (052) A bypass valve controUed either mechanically or electrically is installed in some nosewheel 
/ steering systems to ■ 

a. allow the aircraft to be towed. 

b. override steering control inflight. 

c. bypass the fHter if it becomes clogged. , 

d. allow pressure to go directly to the steering cylinders. 

66. (053) The folio wup mechanism is used with nosewheel steering to 

a. give the pilot "load feel." 

b. permit the aircraft to be towed. . 

c. keep the nosewheel in the desired position. 

d. return the nosewheel to the straight-forward position. 
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Chapter 5T^^ 
^> ■ . - 

67. ^(055) In an electrically operated emergency system, the pressure-limiting device is a pressure 

a. switch. c. relief valve. 

b. regulator. d. reducing valve. 

68. (055-056) The emergen^^^sdector valve in an emergency hydraulic ^stem is set in the NORMAL 
position to prevent 

a. draining of the main reservoir. 

b. fluid expansion from shifting the shuttle^ves. 

c. damage to the actuators due to thermal expansion. 

d. accidentaUy unlocking the landing gear while oh\|he ground. 
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69. (057) Refer to figure 56 of the texi 
that pressure during 



Check valve N installed in the pressure line ^wiU insure 



a. normal operation will n^get ip)^ the control valve. 

b. emiergency operation wilTiiSrwca^e intoMte normal system. 

c. normal operation will not escape into the emergency systeih. 

d. emergency operation will not get into the hydraulic motor. 

70. (057-O58) Refer to figure 58 of the text If the nomal system fails, the pressure switch that 
the changeover to the alternate system cannot be made unless there is ample pressure in the 
alternate system is press^e switch 

a- c. c. a 

b - L. ^ A K. 

71. (061) On a landing gear warning system, the red warning light in the landing gear control 
handle glows when the gear 

a. is UP and LOCKED.^ c. should be put into DOWN. 

b. is DOWN and LOCKED. * d. is between DOWN and LOCKED, 

72. (061) Emergency extension of landing gears that extend into the slipstream is accomplished by 
using 

a. a handcrank. c. the force of gravity. ^ 

b. air pressure. d. hydraulic pressure. 

73. (062) In landing gear emergency systems, shuttle valves are installed in the hydraulic system to 
allow the 

a. emergency reservoir to supply the nonnal system. 

b. normal reservoir to supply the emergency system. ~ ~ ~ ' ~ 

c. emergency actuating cylinders to function during ground test. 

d. normal actuating cylinders to function during emergency operation. 

74. (062) Aircraft emergency brakes may be operated by } 

a. air pressure or electricity. 

b. hydraulic pressure or electricity. * ^ 

c. air pressure or mechanical linlQge. 

d. hydraulic pressure or air pressure. 

75. (063) When hydraulic pressure goes above air preload pressure, the air pressure gage on an 
emergency brake accumulator will indicate ^ 

a. only preload pressure. 

b. only hand pump pressure^ 

c. only system pressure. 

d. hand pump and system pressdre. 
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PREFACE 



'THIS FOURTH and final volume of Cpurse 42152, Aircraft Pneudraulic 
Repairman, contains three chapters. The first chapter covers shop and. 
aerospace ground equipment and discusses* test stands, jacksr maintenance 
stands, portable compressors, and ultrasonic cleaners. The second chapter 
covers the use of hydraulic schematics on different types of systems. Chapter 3 
finalizes the course with the coverage on supervision and training. Here you 
learn about manning, supervisory responsibilities and training. 

Code numbers appearing on figures arc for preparing agency identification 
only! 

If you have questions on the accuracy or currency of the subject matter of this 
text, or recommendations for its improvement, send them to Tech Tng Cen 
(TTOC), Chanute AFB, IL 61868. 

, If you have, questions on course enrollment or administration, or on any of 
Ed's instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercise, and Course 
Examination), consult your education officer, training officer, or NCO, as ap- 
propriate. If he can't answer your questions, send them to ECI, Gunter AFB AL 
36118, preferably on ECI Form 17, Student Request for Assistance. 

This volume is valued at IS hours (Spoints). 

Material in this volume is technically accurate, adequate, and current as of 
November 1971. v 
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Shop and Aerospace 



THE PNEUDRAOLIC repairman performs 
maintenance which requires the Use of shop and 
aerospace ground equipment. His duties in the 
pneudraulic shop, for example, are to repair 
hydraulic components. Before a component is 
repaired, it must be cleaned. After it is 
repaired, it must be tested. The test will tell us 
if it is working correctly or if it needs fiJrther 
adjustment. 

2. In order to perform these tests, the shop 
must be equipped with the proper test stands 
and testing devices. The equipment authorized 
for a shop varies and usually depends on the 
level of maintenance to be done in the shop. U 
maintenance consists of only removal and 
replacement of parts, little special test equip- 
ment is needed. Where units are completely 
overhauled, complex machines made to service 
test the unils are needed. 

3. There are also a niimber of portable test 
stands used by the hydra/ulic mechanic. He uses 
them to pressurize and fill aircraft hydraulic 
systems. Air compressors are required to 
pressurize both high- and low-pressure 
pneumatic systems' and units. 

4. Other equipment you will often use is jacks , 
and mainte'nance stands. Sometimes you may 
even have to help repair them. Jacks are used 
mainly to raise aircraft for working on landing 
gear and wheels or for making retraction tests. 
Maintenance stands have hydraulic elevating 

*-gear to rais^them. They are used by main- 
tenance men when working on aircraft sections 
they cannot reach frqm the ground. 

5. The pneudraulic mechanic's use of 
ultrasonic cleaners for cleaning wire mesh 
filters has become standard. He also uses a hose 
and fitting assembly machine to make. up his 
hydraulic hoses. 

6. To perform the duties of your specialty 
you will use many kinds of shop and aerospace 
ground equimnent. I^turally, you must know 
how they work. You must knov^ how to use 
them correctly, and you must know how ro 



Ground Equipment . 



maintain them. This chapter will give you some 
of the knowledge you need for these duties. 

I. HCT-6 Hydraulic Coinponent Tester 

I -I. An overall view of the HCT-6 is shown 
in figure I. This nonportable hydraulic test 
stand is standard equipment in most 
pneudraulic shops. The stand has five hydraulic 
testing circuits to provide either dynamic or 
static test of components. The limits on what 
can be tested are determined by the range of the 
tester system being used. Some examples of 
romponents that can be tested are actuating 
cylinders, hand pumps, power pumps, and relief 
valves. The appropriate technical order in- 
dicates the type of test required. The hydraulic 
systems of the HCT-6 supply fluid at controlled 
*jjtemperature, pressure, and flow rates to the 
outlets. The power supply and control com- 
ponents will be covS^ed in the system which 
they serve. 

I -2. Figure 2 is a block diagram showing the 
relationship between the main test circuits. The 
reservoir is shown as supplying fluid to the five 
hydraulic test circuits. 

1-3. Internal High-Pressure Pump Cir* 
cuit. This circuit consists of the usual supply 
power/source and regulating systems found in 
any other hydraulic system. It supplies 
hydraulic fluid at controlled pressures and 
rates of flow. It is sent to the component and 
actuating test circuits for static and dynamic 
testing of hydraulic units. 

1-4. Suction supply circuit. The suction sup- 
ply circuit provides the necessary fluid to the 
five test circuits as shown in figure 2. This cir- 
cuit stores hydraulic fluid in the reservoir (1)* 
shown in the left-hand center portion of figure 
3. (See nomenclatiire in fig. 4.) A reservoir 
fluid IXvel sight gage (3) is located on the front 
of the re^rvoir. The reservoir is also equipped 
with heaters that will hold the fluid temperature 
between 70PF. and ITO^'F. You set the reservoir 
heater contVol switch (94) to the temperature 
setting you want. The temperature will be 

17 
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Figure I. HCT-6 hydraulic component test stand. 



shown on the temperature gage (95). these 
heaters raise the temperature from 60°F. to 
100°F. \vi\ 5 minutes with 25 gallons of tluid in 
the reserioir. A time compliance technical or- 
der causeu a reservoir level switch (110) to 
b€i installed in the reservoir. This switch turns 
off the heaters if the fluid drops below the 3/4 
level. A reservoir heater switch (111) on the 
control panel allows for manual operation of 
the heaters. The reservoir has a rated capacity 
of 25 gallons of fluid and can be pressurized 
from 0 to 1 25 psi. 

1-5. The reservoir receives its air pressure 
from an external shop source. Pressurization 
from the air pressure circuit is held between 3 
and 125 psi by the air pressure regulator (90). 
A reservoir pressure selector vaLve (92) allows 
the operator either, to pressuri :e or vent the 
reservoir to the atmosphere. Thp pressure 
within the reservoir is indicatecKon the 0- to 
160-psi reservoir pressure gage (91). The gage 



is equipped with a gage shutoff valve (91 A) and 
a test port (9 1 B). The relief valve (93) installed 
in the pressure line is set at 125 psi. It prevents 
the pressure from exceeding the rated working 
pressure of the reservoir. 

1-6. Fluid from the reservoir (I) passes 
through a shutoff valve (5) and a suction line 
filter (6) where foreign particles are removed. 
The filter relief valve (18) is set at 50 psi. The 
filter element is bypassed by the fluid in the 
event it becomes clogged. The schematic shows 
the bypass valve as being a sS'parate unit; 
. however, it is an integral part of the filter 
housing. The filter pressure switch (7) will light 
a lamp on the panel whenever the filter 
becomes clogged, This switch is not factory set 
and is to be adjusted in accordance with base 
SOPs. The air bleed valve (17) is installed at the 
highest point in the suction eircuit to vent it of 
air, The low suction pressure switch (8) stops 
the pump motor whenever a vacuum develops 
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Figure 2. Main test circuits. «. 

in the suction circuit. It is set to open when the 
pressure drops to 7 inches of Hg (mercury). 
^ 1-7. Power pressure circuit. The first unit in 
this circuit is the variable-volume, pressure- 
compensated, piston-type pump (9). It is driven 
by an electric motor rated at 30 hp, but can 
develop up to 50 hp. This pump has a rated 
capacity of IS^gpm at 3000 psi or 10 gpm at 
5000 psi. Fluid is drawn from the reservoir and 
delivered under pressure to the pressure \ 
manifold. A volume control ( 10) and a pressure 
compensator (11) permit setting the pump to 
meet testing requirements. The check valve (1 2) 
installed downstream of the pump prevents ex- 
cessive back pressures from hurting the pump. 
After flow passes the check vaive, the fluid is 
directed to the test stand relief valve(13). This 
valve can be adjusted from 500 to 5000 psi to 
limit maximum system operating pressure. The 
valve should be adjusted from 200 to 400 psi 
higher than maximum test pressure. Never ad- 
just below 500 psi, as damage to its seals may 
result. The solenoid-operated bypass valve (14) 
is installed in the system so that it can be 
depressurized. This is done by moving a toggle 
switch on the control panel. This valve is also 
operated by the pressure switch (72) that is in- 
stalled in the pump test circuit. 

1 -8. Component Test Circuit. This circuit is 
schematically shown in the center right-hand 
portion of figure 3. Basically, it consists of a 
pressure manifold and two return lines. In- 
corporated in the pressure manifold is a 0- to 
6000-psi test pressure gage (19). It records the 
system pressure for both the domponent and 
cylinder test circuits. The gage shutoff valve 
(19A) isolates the gage from the hydraulic 
system during calibration and service. The test 
popt (19B) allows the gage to be calibrated 
without removing it frorn the stand. (Every gage 



on this stand is equipped with a shutoff valve 
and test port; all shutoff valves arc kept in the 
OPEN position during normal operation.) 
Downstream of the pressure gage' i5» a 200- 
cubic-inch accumulator (20). This unit absorbs 
pressure surges and pump pulsations. The ac- 
cumulator shutoff valve (21) is used to. isolate 
the accumulator from the circuit. A check valve 
(108) is installed downstream i)f the sensing 
element in the flowmeter outlet line. This is to 
prevef\t damage to the flowmeter when the 
solenoid bypass valve (14) is operated. The ac- 
cumulator (20) should be charged with 
nitrogen to 1500 psi through the accumlator 
'charging circuit, it ct)nsists of a charging valve 
(23), pressure gage (22), gage shutoff valve 
(22A), and the gage test port (22B). Fram the 
accumulator the fluid under pressure is direc- 
ted to the component test circuit outlets (25 or 
27)'through their respective shutoff valves (24 
and 26). These valves are pressure-balanced 
spopl-type units. This allows them to be 
operated against 3000 psi as easily as against 0 
psi. Flow through the con\ponent test circuit 
return inlets (28 or 30) is controlled by their 
respective return shutoff valves (29 and 31). 
You will notice in the schematic that return 
inlet (30) sends the return flow through the 
flowmeter (33). If it is unnecessary to measure 
the return flow, use return inlet (28). It is 
connected directly to the reservior ( I ) and 
bypasses ih€ flowmeter (33). Because the return 
circuit is a complex circuit in itself, it will be 
covered separately later. 

1-9. Cylinder Test Circuit. This circuit isr 
also pressurized by the internal high-pressure 
pump circuit. Opening the shutoff valve (37) 
shown in figure 3 directs fluid to the open cen- 
ter selector valve (38). It, in turn, directs fluid 
to the CYL 1 position outlet (39) or to the 
CYL ^.position outlet (40). Note. When using 
the cylinder circuit selector val^ve close 
the shutoff valve (37) before ^^^^gtewiging the 
position of the selector valve. The third 
position, FLOWMETER RETURN, is the neu- 
tral position of this open cen-ter 
selector valve (38). This position connects 
the internal high-pressure pump circuit 
to the flowmeters (33) in the .return circuit. 
The FLOWMETER RETURN position, in 
turn, blocks the CYL 1 and CYL 2 outlets (39 
and 40). The selector valve must be in this 
position when you adjust the volume output of 
the stand. A check valve (12) Is installed in the 
return line downstream of the selector valve to 
prevent a reverse flow. 

1 - 1 0?' Pump Test Circuit. This circuit is 
used to test engine driven pUmps. The pump 
test circuit is schematically shown in the lower 
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right-hand portion of figure 3. The pump suc- 
tion port is connected to the appropriate outlet 
(64). Fluid supply to the pump is controlled 
by pump test inlet pressure regulator (62). 
This is a pilot-operated relief-valve type of 
pressure regulator. The pump test inlet pressure 
regulator will maintain the set pressure as speed 
ami flow are varied. This preventsydamage to 
the pump under test by either high or low 
stipply pressure. 

1-11. A suction flow indicator (63) gives the 
operator a visual indication of flow to the pump 
inlet. The pressure port of the pump is con- 
nected to the pump test pressure return inlet 
(70). The pump output pressure is indicated on 



the 0- to 6000-psi gage (7 1 ). As the pressure in 
the pump test circuit return line rises above 1 25 
psi, the pressure switch (72) closes. The switch 
energizes the bypass valve (14) to the OPEN 
position. This causes the fluid that is being 
pumped by the internal high-.pressure pump (9) 
to be bypassed into the return circuit. Thereby, 
a minimum of power is required for turning the 
pump. Keep in mind that the high-pressure 
pump (9) is driven by the same electric motor 
that drives the pump test pad. However, this 
reduction in power is necessary only when the 
pump test pad is rotated in a counterclockwise 
direction. This is also the normal direction of 
rotation of the internal high-pressure pump (9). 
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Figure 3. HCT-6 hydraulic component test stand schematic. 
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^ I, Reservoir 
' 2. Reservoir Fill 

3. Reservoir Level Sight Gage 

4. Reservoir Drain Valve 

5. Reservoir Shut CXf Valve 

6. Suction Filter 

7. Differential Pressure Switch 

8. Low Pressure Suction Switch 

9. High Pressure Pump 

10. Volume Control 

11. Pressure Compensation 
Control 

12. Check Valve 

13. Stand Pressure Relief Valve 

14. Solenoid Bypass Valve 

15. Re'tum Filter 

16. Heat Exchanger 

17. Air Bleed Valve 

18. Filter Relief Valve 

19. Component Test Pressure 
Gag6 

19A. Gage Shut Off Valve 
19B. Test Port 

20. Accumulator 

21. Accumulator Shut Off Valve 

22. Accumulator Charging 
Pressure Gage 

22A. Gage Shut Off Valve 
22B. Test Por< 

23. Accumulator Charging Valve 

24. Component 1 Outlet Shut Off 
Valve 

25. Component 1 Outlet 

26. Component 2 Outlet Shut Off 
Valve 

27. Component 2 Outlet 

28. Component 1 Return 

29. Component 1 Return Shut Off 
Valve 

30. Component 2 Return 

31. Component 2 Return Shut Off 
Valve 

32. Flowmeter Range Selector 

33. Flowmeter 

34. Flowmeter Relief Valve 

35. Flowmeter Relief Flow 
Indicator . 

36. Check Valve 

37. dylinder Circuit Shut Off 
Valve 

38. Cylinder Circuit Selector 
Valve 



Cylinder 1 Outlet 
40* Qrlinder 2 OuUet 
41* Foot Pump 
42* Bypass Valve 
43* Relief Valve 
44, Foot Pump Manifold Shut 

Off Valve 
45* Foot Pump Pressure Gage 
45A. Gage Shut Off Valve 
45B. Test Port 

46. Foot Pump Outlet Shut Off 
Valve 

47. Foot Pump Pressure Outlet 

48. Suction Outlet Shut Off Valve 
, 49. Suction Outlet 

50. Leakage tank Inlet 

51. Li^akage Tank 

52. Drain Cock 

53. Air Pump Pressure Regulator 

54. Air Gage 

55. Lubricator 

56. Air Driven Pump 

57. Muffler 

58. Air Pump Pressure Gage 
58A. Air Pump Gage Shut Off 

Valve 

59. Air Pump Outlet Vent Shut 
Off Valve 

60. Air Pump Outlet Shut Off 
Valve 

61. Air Pump Outlet 

82. Pump Test Inlet Pressure / 
Regulator ^ 

63. Suction Flow Indicator 

64. PuR^ Test Suction Outlet 

65. Pump Test Suction Manom- 
eter Shut Off Valve 

66. Manometer 

67. Float Check Valve 

68. Pump Test Suction Test 
Port Shut Off Valve 

69. Manometer Outlet 

70. Pump Test Pressure Return 

71. Pump^Test Pressure Gage 
71A. Gage Shut Off Valve 

71 B. Test Port 

72. Pressure Switch 

73. Relief Valve 

74. Pump Test Throttling Valve 

75. Scavenge Flowmeter Inlet 

76. Scavenge Flowmeter Shut 
Off Valve 



77. Scavenge Flowmeter 

78. Check Valve 

79. Test Pad Pressure Outlet 

80. Test Pad Pressure 
Selector Valve 

81. Test Pad Vacuum Gage 
81A. Gage Shut Off Valve 
81 B; Test Port \ 

82. Vacuum Regulator I 

83. Vacuum Pump 

84. Test Pad Pressure Gage 
84A. Gage Shut Off Valve 
84B. Test Port 

85. Test Pad Pressure . 
Regulator 

86. Air Inlet Pressure Gage 
86A. Gage Shut Off Valve 
86B. Test Port 

87. Air Filter 

88. Air Inlet Shut Off Valve 

89. Air Inlet 

90. Reservoir Pressure 
Regulator (Air) 

91''. Reservoir Pressure Gage 
91A. Gage Shut Off Valve 
91B. Test Port 

92. Reservoir Pressure 
Selector Valve 

93. Reservoir Relief Valve 

94. Reservoir Heater Control 

95. Reservoir Temperature 
Gage 

96. Fluid Temperature Con- 
troller 

97. Temperature Controller Air 
Pressure Regulator 

98. Temperature Controller 
Valve 

99. Strainer 

100. Water Shut Off Valve 

101. Water Inlet 

102. Water Outtet 

103. Accessory Pressure Gage 
103 A. Gage Shut Off Valve 

104. Accessory Gage Port 

105. Strainer 

106. Sink Drain Shut Off Valve 

107. Drain Pan Valve 

108. Check Valve 

109. Return Line Relief Valve 

110. Reservoir Level Switch 

111. Reservoir Heater Switch 



Figure 4. Legend of callouts tor figure .V 



When rotated in a clockwise direction, the 
bypass valve (14) will still be energized to the 
OPEN position by the pressure switch (72). No 
fluid will be circulated because ihe direction of 
rotation is opposite to the normal rotation of 
the internal high-pressure pump (9). Notice in 
figure 3 that the pump return circuit is protec- 
ted from excessive pressures by the pump test 
relief valve (73). This relief valve can be ad- 
justed (same as the internal high-pressure pump 
circuit relief valve) from 500 to 5000 psi. Jht 
pump test throttling valve (74) allows the 
operator to regulate the pressure in the pump 



test circuit. He does this by restricting the fluid 
flow to the return. From here the fluid flow is 
directed into the return circuit. This circuit will 
be^overed at a later time. 

1-12. TJie scavenge flowmeter circuit is 
basically a portion of the return circuit. The 
scavenge cijtcuit is primarily used together with 
the pump test circuit. This circuit is shown in 
the upper right-hand portion of figure 3. It 
measures the fluid from the case drain port of 
the pump under test to check for internal 
leakage. The pump case drain port is connected 
to the scavenge flowmeter inlet (75). The fluid 
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now is controlled by the scavenge nowmeter 
shutoff valve (76). This valve also regulates the 
case pressure of the pump under test by restrict- 
ing fluid flow. From here the fluid is directed 
to the scavenge flowmeter (77) which has a 
capacity of 0.|4 to 1.5 gpm. Connect the pump 
case drain port to the component test return 
circuit inlet (30) if the flow is greater than 1.5 
gpm. This will allow the pump case drain line 
flow to be directed to the larger flowmeter (33) 
used in this circuit. A check valve (78) is in- 
stalled downstream of the scavenge flowmeter 
(77) to prevent reverse flow because of reser^ 
voir pressurization. 

1-13. JFoot Pump Test Circuit. This cir- 
cuit allows the operator yo perform static tests 
on components with pressures up to 6000 psi. 
The foot pump (41), is a single-suction single- 
action type of' pump. It supplies fluid under 
pressure to the foot pump circuit pressure 
mahifold. The relief valve (43) is installed to 
protect the system from possible over- 
prcssurization. It is factory set at 6000 psi and 
is not adjustable. A footpump bypass valve 
(42) is also installed to allow depressurization 
upon completion of testing. The footpump 
pressure can be directed to the component and 
actuator test circuits by opening the shutoff 
valve (44). The internal high-pressure pump 
will pressurize the footpump circuit if shutoff 
valve (44) is left open. The pressure in this cir- 
cuit is indicated on the footpump pressure gage 
(45). Pressure is then directed to the foot pump 
outlet shutoff valve (46). This valve controls 
the flow to pressure outlet (47), which is con- 
nected to the component being tested. 

1-14. The outlet (47) can be used to prime 
and bleed components by using , reservoir 
pressurization. With the component connected 
to the outlet (47), open theibypass .valve (42) 
and the shutoff valve (46). This allows feservoir 
pressurization *to produce a fluid flow to the 
component being prprimed or bled. In other in- 
stances, this outlet (47) Is used to measure the 
return or back pressures of many components 
being tested. For example, when testing a hand 
pump for proper operation, the suction port is 
connected to suction outlet (49). Place the suc- 
tion outlet shutoff valve (48) to the OPEN 
position. The pressure port of the hand pump is 
connected to the footpump pressure outlet (47). 
This allows the footpump pressure gage (45) to 
indicate the pressure developed by th? hand 
pump. The gage shutoff valve (45 A) and the 
pressure outlet shutoff valve (46) must be in 
OPEN position during operations. 

1-15. The footpump circuit may also be 
used to perform a leakage test on various com- 



ponents. The nonprcssurized side of the unit 
being tested is connected to the leakage tank 
(51) through the inlet (50). The leakage tank 
(51) has a sight gage that indicates leakage from 
5cc to 400cc, and I to 24 cubic«inches. This 
tank is vented to prevent it from becoming 
pressurized and can be drained by opening the 
drain valve (52). 

I -1 6^IHIig^^ Air Pump Circuit. 

This ctrcutnischematically shown as being 
located just above the pump test suction circuit. 
It is used to perform static tests on hydraulic 
components at extremely high pressures. The 
air-operated pump circuit is capable of 
generating 25,000-psi hydraulic pressure when 

• supplied with lOO-psi air pressure. 

1-17. filtered air is supplied from the shop's 
air source. Pressure regulator (53) controls the 
output pressure of the air pump (56) and is ad- 
justable from 0 to 100 psi. The pressure gage 
(54) indicates the air pressure applied. The 
lubricator (55), located between the pump air 
inlet and regulator provides lubrication for the 
air pump (56). It is serviced with 30-weight 
engine oil. The air pump is a differential 
piston-type unit having a ratio of 250 to 1 The^ 
exhaust port of the pump is also equipped with 

• a muffler (57) to deaden the noise- of the 
exhaust. 

1-18. The air pump pressure gage (58) in- 
dicates the output pressure of the pump from 0 

• to 25,000 psi. The gage is connected to a gage 
shutoff valve (58A) and outlet vent shutoff 
valve (59). The outlet vent shutoff valve is used 
to release the pressure from the high- pressure 
test circuit. The flow from the high-pressure 
circuit is directed through shutoff valve (60) 
and air pump outlet (61) to which the com- 
ponent being tested is connected. The circuit 
uses a very small volume of fluid. When 
pressure is released, the fluid is dumped into 
the sink tray. ' 

1-19. The high-pressure air pump circuit 
outlet (61) can also be used to prime and bleed 
units. This is done by using only reservoir 
pressurization to produce a fluid flow. 

1-20. iVIanometer Circuit. This circuit is 
schematically located immediately above the 
pump test suction circuit. The manometef cir- 
cuit is primarily used in conjuction with the 
pump test. It measures the inlet pressure or 
vacuum to the hydraulic pump under test. 
However, it can also be used independently to 
measure the vacuum of vacuum pu^s. 

1-21. The first unit in the manometer circuit 
is the pump test manometer shutoff valve (65). 
This valve allows the operator to isolate the cir^ 
cuit whenever desired. An air bleed valve (17) 



is installed iti*^ the manometer inlet line to 
remove air from this part of the circuit. The 30- 
inch U-typc manometer (66) is half filled with 
mercury. It is direct reading and is calibrated 
from 0 to 30 inches Hg. Either pressure or 
vacuum can be measured with the manometer 

^^^(66). A float-type check valve (67) is installed 
in the manometer outlet. It prevents the mer- 
cujy From being blown out if the pressure ex- 

r-****?eeds 30 inches Hg. It also serves a^ a vent 
during normal operation. 

1-22. The pump under test will generally be 
connected to the pump test outlet (64). The 
inlet flow will be controlled by the pump test 
inlet pressure regulator (62). Whenever the cir- 
cuit is used independently, the component wilM 
be connected to the manometer outlet (69). The 
manometer outlet shutoff valve (68) controls 
flow to the manometer. The manometer should 
be isolated from the circuit anytime the suction 
pressure of the pump under test is greater than 
30 inches Hg. This prevents damage since the 
manometer is only rated to 30 inches Hg. 

1-23. Return Circuit. This circuit provides 
a path for return flow back to the reservoir 
from all the test stand circuits. It is equipped 
with associated valves that will clean, cool, and 
measure the return fluids Any of the six return 
outlets shown in the upper right-hand portion 
of figure 3 can be used. The return fluid can be 
measured in the flowmeter (33) except when 
the flow is directed through the component No. 
1 return inlet (28). Notice that this inlet is con- 
nei:ted to the downstream side of the flowmeter 
(33). 

1-24. The flowmeter (33) is actually two 
flowmeters in one housing. The smaller 
« flowmeter of the dual unit has a range of 0.4 to 
4 gpm. The larger has a range of 2.5 to 25 gpm. 
Fluid flow can be directed through either, 
flowmeter by positioning the range ^selector 
valve (32) propetly. As a safety precaution, 
always position this valve to the larger volume 
setting when shutting down the test stand. The 
two flowmeters, are protected against excessive 
pressures by the flowmeter relief valve (34). It 
is set to relieve at 120 psi. The relief valve flow 
indicator (35) enables the operator to see when 
the relief valve opens. Check valve (36) 
prevents reverse flow resulting from reservoir 
pressurization. This line is connected directly 
to the reservoir. s 

1-25. Notice that downstream of the 
flowmeter, a sensing element measures the tem- 
perature of the fluid. From here the fluid is 
directed to the return line filter (15) that 
removes any foreign matter. The filter is equip- ' 
ped wifh a differential pressure switch (7). 
Anytime the filter becomes clogged, it causes a 



light on the control panel to illuminate. The 
bleed valve (17) allows entrapped air to be bled 
from the return circuit. Since the filter is not 
equipped with an internal bypass, a relief valve 
(109) is installed. The relief valve is set at 50 
psi. 

1-26. Before entering the reservoir, the fluid 
passes through a heat exchanger (16). It is a 
•water-cooled shell-and-tube type. The fluid 
passes through the heat exchanger and is cooled 
by the flow of cooling water. The temperature 
control circuit maintains the desired tem- 
perature. 

I -27. ^Temperature Control Circuit. This 
^ circuit is schematically shown in the upper left- 
' hand corner of figure 3. The temperature con- 
trol circuit is designed to maintain the fluid at a 
constant temperature of lOO"* F. to I80'» F. This 
is done by cooling tfie fluid with the heat ex- 
changer (16) or heating the fluid with the 
heaters in the reservoir. 

1-28. The fluid temperature controller (96) 
is a pneumatic -indicating-type assembly. It is 
equipped with two air pressure gages and a tem- 
perature gage. This temperature gage is con- 
nected to the return line sensing element. It in- 
dicates the temperature of the fluid passing 
through the return circOit. The input gage (left) 
indicates the inpu|; air. pressure, which is nor- 
mally main taiited at 20 psi, controlled by the 
air pressure regulator (97). The output gage 
(right) indicates the amount of air pressure ap- 
plied to the diaphragm of the air-operated 
shutoff valve (98). Shutoff valve (98) controls 
the flow of cooling water to the heat exchanger 
(16). 

I -29. Water for the heat exchanger enters the 
test stand through the inlet provided (101). 
Water inlet valve ( I CQ) is used to turn the water 
on and off. Thrs valve should always be open 
except when maintenance is being performed 
on the stand. The water flows through water 
pump (99), which is equipped with a removable 
60/80 wire mesh screen and^^i drain plug. The 
water then flows through the heat exchanger 
(16) and back out of the test stand through the 
outlet (102). The capacity of the water supply 
to the stand must be 15 to 20 gallons per 
minute. . ^ 

1-30. Air Pressure Circuit. This circuit is 
schematically shown in the left-hand portion of 
figure 3-, The air pressure circuit supplies shop 
air to the four pressure regulators built into the 
test stand. Shop air should always be at least 90 
psi. 

1-31. Air at shop pressure enters the stand 
through inlet (89), flows through a shutoff 
valve (88), filter (87), and four pressure 
regulators. The air pressure at this point will be 



shown on the air inlet pressure gage (86). 
Notice that this gage, like all other gages on the 
stand, is equipped with a shutotf VSalve (86A) 
and a test port (86B). " ^ 

1 '32. The reservoir pressure regulators, air 
pump pressure ' regulators, and temperature 
controller pre^ssure regulators have ^been 
covered. So they need no further explanation. 
The fourth air pressure regulator is the test pad 
pressure regulator (85). It is schemaycaHy 
shown in the lower left-hand corner of figure 3. 
The operator adjusl5 it to the pressure 
prescribed fpr tfie pump undergoing the shaft 
seal test. Thfcpressure is indicated on the test 
pad pressure gage (84). From her^ the air 
pressure is directed to the .test pad selector 
valve (80). This valve allows the operator to 
connect the test pad outlet (79) to pressure, 
vacuum, or atmosphere. 

1-33. Varcuum Circuit. This circuit is 
schematically shown just below the air pressure 
circuit. The vacuum circuit is used when testing 
the pump shaft seal. Vacuum pressure is 
generated by a ratary-type vacuum pump (83). 
This pump can generate 27 inches of Hg 
vacuum. It is equipped with an automatic oiler 
that is serviced with 30-weight engine oil. 
Vacuum pressure is applied to the test pad 
outlet (79) through the VACUUM position of 
the test pad selector valve (80). The level of 
vacuum pressure in this circuit is controlled by 
, the position of the^ vacuum regulator (82). 
When this valve is opened, atmosphere can en- 
ter the system, thus reducing the level of 
vacuum. The vacuum pressure is shown on the 
test pad vacuum gage (81) which reads from 0 
to 30 inches of Hg vacuum. 

1 -34. Accessories. In the upper; left center of 
figure 3. you .will find an accessory pressure 
gage (103). The gage can be used tp measure 
the case pressure of pumps or the back pressure 
of units being tested. It can show the pressure at 
any point that the operator chooses to connect 
it to. He uses the accessory gage port (104) as 
the connection point. The gage shutoff valve 
(1()3A) must be open before the gage registers. 

1-35. The lower right-hand portion of figure 
3 schematically shows a test stand sink and a 
test stand drain pan. A perforated sink pan is 
located above the test stand sink. This allows 
th'e operator to drain all the fluid from the 
components whep the testing has been com- 
pleted. All of the fluid drained into the sink is 
directed back to the reservoir through the 
strainer (105) and the shutoff valve (106). The 
sink 6utlet sump is equipped with a metal 
screen filter. The drain pan, with two drain 
valves (107), is located in the bottom of the test 
stand. It catches any fluid that is spilled or 



drained while maintenance is being perfot;^ed» 
on the stand. - 

f, 1-36. Operating Instructions. You should 
have little difficulty in operating the HCT-6 
test machine. Knowing the various test circuits 
is a great asset in using the machine. Therefore, 
we shall use the machine's schematic diagram 
(fig. 3) during our discussion of its operation. 
Also, this will give you aiietter understanding 
of why the various valves, etc., are being tur- 
ned. Bear in^ mind that there are various 
procedures that can be used wheq operating the 
machine. The procedure used depends 
primarily on what,types of units are going to be 
tested. Thus, we shall make our discussion on 
the operation of the test machine as sijnple as 
possible. 

1-37. Settinf^ up the test machine. When you 
test a unit, one of your first concerns is to select 
the proper connecting hose or tubing. The hose 
used must be able "to withstand the pressure 
used during the testing operation. Otherwise," 
you might find yourself cleaning up hydraulic 
fluid that sprayed on the ceiling and walls of 
the shop. When all of the hookups have been 
made and the machine has been checked for 
irregularities, you are ready to set it up. First, 
open all guge shutoff valves and the cylinder 
circuit shutoff valve. Open the reservoir shutoff 
valve (5). the water shutoff valve (100). and the * 
air inlet shutoff valve (88). All other valves on 
the instrument panel should be closed. Position 
the actuating cylinder test circuit selector valve 
(38) to the FLOWMETER RETURN position. 
Set the flowmeter range selector (32) to the 2.5 
to 25 gpm position. This will allow the flujd 
output of the high-pressure pump (ik) to be' 
directed to the reservoir through the tTo\rmeter 
(33). This will be necessary when you adjust the 
volume output later on. Using the air pressure 
circuit, pressurize the reservoir (1) to- 25 psi; 
then, depressurize the reservoir and check the 
fluid level. The purpose of this operation is to 
insure that all lines are completely filled with 
fluid. After this has been done, repressurize the 
reservoir to 60 psi. You are now ready to start 
the machine. 

1-38. Startinii. At this point, close the main 
circuit breaker and turn on the master switch. 
Now turn on the 30-volt-dc power circuit and 
insure that a 27.5-volt minimum is available. 
Place the control switch for the solenoid- 
operated bypass valve (14) in the OPEN 
position. This insures that the high-pressure 
pump (9) will start under a no-load condition. 
Using the counterclockwise button, start and 
stop the high-pressure pump and check 
rotation. Turn on the reservoir heater switch 
(111) and check to see if the green light on the 



control panel lights. Return the switch to the 
OFF position and set the thermostatic heater 
control (94) to 70'' F. Adjust the tluid tem- 
perature controller (96) to the desired tem- / 
perature. Reposition the control switch for the^^ 
solenoid-operated bypass valve (14) to the OFf 
position. 

1- ^9. Start the pump and open the bleed 
valves (IJ) on both filters, and bleed the system 
of all air. After this is dnone, adjust the high- 
pressure pump volume control (10) to the . 
volume required. Next, adjust the test stand 
relief valve (13), To dp this, turn the pressure 
compensator control (II) all the way in. Then 
close the cylinder test circuit shutoff valve (37). 
Now adjust the relief valve (13) from 200 to 
400 psi higher than the pressure required for 
the unit b^ing tested. Readjust the compensator 
control (II) to the test pressure required for 
the unit being tested. Open the. actuating cylin- 
der test circuit shutoff valve (37). This 
deptessurizes the pressure manifold so that the 
operator can connect the compeonent to be 
tested. 'You are now ready to perform the 
various tests that are required. If you desire ad- 
ditional information on the HCT-6, refer to 
Technical Order 33A2-2-35-1. 

2. Portable Hydraulic Test Stands 

2- 1. To insure proper operation of hydraulic 
systems you must be able to test entire systems. 
You also be able to test operation of each in- 
dividual unit while it is in the system. It >vould 
be ideal to test them under actual flight con- 
ditions. But, the closest we can come to this is 
to test them on the aircraft itself itself while on 
the ground. To do this, we use a portable 
^hydraulic test stand. We call it a test stand 
because with it we can make operational tests of 
the aircraft systems and components. It replaces 

*»the engine-driven pumps as the source of 
hydraulic pressure and volume. 

2-2. If you are working where there is elec- 
tric power, you will probably use an electrically 
driven stand. Where there is no electric power, 
you must use a gasoline engine-driven test 
stand. Numerous portable test stands are 
produced, but we*ll discuss only the ones in 
most corfimon use today. They are of the MK 
and MJ series. These two types are generally 
identical except for their power sou/ce. The 
MK series is driven by an electric motor while 
the MJ jseries is driven by a gasoline engine. 
Dash numbers after the MK and MJ denote suc- 
cessive models. We will cover the MK-3 in thiS' 
section. We will not cover an MJ series unit 
because the operation of its test stand portion is 
no different from' that of the MK series. 



2A. General Construction of the IVlK-3 
l^nd. The MK-3 is a portable, multisystem, 
Electric motor-driven unit. It is designed to 
supply hydraulic pressure where electric power 
is available. This test stand is capable of testing 
hydraulic systems that operate at^ pressures up 
to 6000 psi. It is connected directly into the 
aircraft hydraulic system, which it supplies with 
both fluid pressure and volume. This allows the 
system to be pressurized and operated in a 
simulated flight condition. Your test results can 
be checked against instructions contained in 
the aircraft TO. ' . 

2-4 The MK-3 portable test stand is, shown 
in figure 5. The stand i,s covered by a weather- 
proof steel cabinet bolted to a trailer. Hinged 
doors in the cabinet provide access to the 
various components. The trailer assembly con- 
sists of four wheels with pneumatic tires and 
coil springs, /^ hinged tow bar and steering 
assembly is stttkched to the frOat ^wheels.' A 
mechanical parking brake operated by a single 
control provides brake application on two rear 
wheels. Power ierf operation of all systems is 
provided by snc electric motors. . Two motors 
drive the mainSy&^em pumps. Two more drive 
the test system boost pumps and cooling fans. 
Another drives^ the fill-and-bleed system 
pumps, and the last motor drives the sir com- 
pressor. Electrical power flbr these motors 
comes from one central point. The electrical 
requirements are 2^0-400 volts, 3-phase, 60- 
Hertz. jjp'here are two identical, independently 
operaved hydraulic systems. There are two 
auxiliary single systems, the fill-bleed an air 
systems. 

2-5. Principles of Operation. "Study figure 
6 and the nomenclature in figure 7. You will 
see that from the reservoir (I) down, there are 
duplicate hydraulic systems. They are the two 
independent systems we mentioned in the last 
paragraph. They may be used to make an air- 
craft operational check. They can also serve to 
fill or flush the aircraft system. The two systems 
may be operated together or separately. They 
can operate using test stand fluid or fluid from 
the aircraft reservoir. For high-flow tests the 
two systems are manifolded together. 

2-6 For an aircraft check the following flows 
and procedures occur. Boost pump (6) draws 
fluid from eitjier the stand resefvior (I) or the 
aircraft system. The positions of the reservior 
selector valve (28) determine^ the source. The 
boost .pump delivers boost pressure to the main 
pump (13) thifough filter (5). The main pump 
delivers fluid to the aircraft through check 
valve (14). From the check valve it passes 
through the high pressure filter (20) and the 
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needle-type flow control valvt (21). 

2-7. Three relief valves provide protection. 
They are the thermal relief valve (49), boost 
(lines) relief valve (9), and high-pressure (lines) 
relief valve (18). Needle-type dump valve (26) is 
used to manually relieve system preJ^sure to 
return. 

2-8 The main pump (13) is equipped with a 
volume control and a compensator control. 

2-9. The compound gage (8) is equipped 
with a gage selector valve (7) and a calibration . 
outlet (44). High-pressure gage ( 1 7) has a gage 
dampener (15), a needle-type shutoff valve 
(16), and a calibration outlet (44). 

2-10. The Fahrenheit (temperature) gage 
(12) and the thermoswitch (11) attached to a 
manifold (10), give fluid temperature in- 
dication. The cooler bypass selector valve (24) 
and the pil cooler (25) provide temperature 
control. The cooler bypass selector valve 
provides control of-fluid temperature. The thqr- 
mosw/itch (II) sounds a warning horoaf fltijid 
temperature goes too high. Pressure swij^h (Sb) 
measures boost pump pressure. It shuts down 
the system if the pressure to the main pump (13) 
drops below 90 psig. 

2-1 1. Check valve (27) bypasses boost pump 
(6' to prefill the boost system. Differential 
.pressure switch (19) can energize a filter in- 
dicator pilot light. It does this if the high- 
pressure filter (20) should clog. The manifold 



Figure 5. MK-3 dual-sysicin hvtlraulic lesi siahd. 



selector val4e (2J) is used to co*mbine or 
separate the two test systems. The sight tubes 
(22) are used to check for air b:ubbles in the 
fluid returning from the aircraft. 

2-112. Fill and bleed system. The single fill 
and bleed system is used to fill, flush, and bleed 
the aircraft system. When the pushbutton Q.n the 
filling valve (3) is depressed, the valve opens 
and a built-in switch closes. Fill pump (30) 
starts and delivers fluid from the reservoir 
through the check- valve (31) and- filter (32)^ 
The fill system pressure gage (33) measures 
pressure drop across filter (32) as well as fill 
system delivery pressure. The fill system relief 
valve (2) limits maximum pressure. Fluid flows 
on towards the aircraft through the test system 
return line. When combination bleed valve and 
si^ht tube (4) is depressed, a line from test 
system filter (5) to reservoir (1) is opened. 

2-13. Air system. This system pressurizes the 
test stand reservoir and provides compressed 
air to the aircraft. Compressor (34) delivers 
pressure to the air receiver (47). The air 
unloader valve (48) will unload the air pump 
when system pressure is achieved. Compressor 
pressure also ^oes on to the compressor air 
pressure regulator (35). From there it goes to 
either air outlet port (43) or to the reservoir air 
pressure regulator (39). The reduced pressure 
flows*>on to the reservoir pressure dump valve 
(40). From there it can be dumped through vent 
filter (41) or sent on into reservoir (1). Relief 
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valves (37 and 38) limit the pressure to the 
stand reservoir. Reservoir pressure is read on 
its gage (36): 

2-14. Preliminary adjustments. Refer to 
figures 8 and 9. Before you connect the test 
stand to the aircraft,make the followmg check. 
Make sure that the stand is wired for the same 
vottage as the power source, and that all circuit 
breakers are on. Corinect the electric plug to 
power source; if cor-rectly phased, Sight in- 
dicator lights will come on. Check reservoir for 
minimum of 20 gallons. Set gage shutoff valves 
(10) one-foufth turn from fully closed position 
to protect from Surges during starting. Turn 
gage selector valves (4) to filter inlet position 
and compensator controls (9) at approximately 
the midway position. Close both flow control 
valves (13). and relief vajves (I2J at full in 
posijtion/Dump valves (16) both should be set 
at one-half turn from ful^y closed. This 
prevents rapid pressure buildup. Adjust volume 
controls (7) to desired as showned on in- 
dicators (81. Set reservoir selector (item 28 in 
fig. 6) to ship reservoir position and reservoir 
pressure dump valve (21) to vent. Compressor 
pressure regulator (18) should be opened, half- 
way. Open both fill system relief valves (U to 
help protect from pressure buildup in start 



position. Now valve^are all in position so that' 
the stand can be used to set. up test pressure on 
fill system. 

2-15. The stand should be bled before it is 
connected to the aircraft. To do this depress 
No. I system fill valve (2) and adjust No. I fill 
system relief valve (1 ) to 1*50 psig. The pressure 
is indicated by a red pointer on the fill system 
pressure drop gage (-17). Continue to depress 
filling valve until 50 to 100 psig is indicated on 
the compound gage (5). To allow air from the 
system to return to stand reservoir, depress 
No. I system bleed valve (3). Jo bleed No. 2 
system, follow the same instructions as for 
No. I.- The stand is /low ready for testing the 
aircraft system. 

2-16. Pre-start. Place both reservoir selector 
valves (item 28 in fig. 6) in stand reservoir 
position. Place reservoir pressure dump valve 
(21 ) to pressurized position. Plac^ gage selector 
valve (4) in filter outlet position. Adjust reser- 
voir pressure regulator (20) to obtain 20 psig 
and adjust' compressor regulator (18) to obtain 
70 -psig. , Next, open both fiow control valves 
(13). Press button on pump motor ^itch (.26) 
on No. I system until 90 psig is indicated ori 
compound gage C^). If b^th systems will be 
operated, allow at least 1 minute delay before 
starting second system. This will insure that 
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Figure 9. Legend of 

adequate power is available from. the source. 

2-17. Now depress bleed valve (3) until clear 
fluid flows through bleed sight tube, insuring 
that system is free of air. When system has been 
bled, close dump valves (16). Then sibwiy clo'se< 
flow control^alves (13) of No. I system, until 
gage (II) reads 500,psig. With lines connected 
in. recirculate hookup, Ihe pressure and return 
lines are connected. Open No. I flow control 
valve and allow oil to circu-|ate for 2 or 3 
minutes. Repeat with No. '2 system. The fluid 
should be free of air and circulated through the 
niter enough to ready for hookup ro aircraft. 
^Open dump valves (16) and close flow control 
valve (13) and press stop button for pump 
motor. If the pressure filters (item 20A, fig. 6) 
should clog, the filter indicator (27) will light 
up. 

2-18. Uncouple the hose frojn the reciN 
culation hookup, being careful to depres.surize 
the reservoir. Moving dump valve (21) to vent 
will reduce oil spraying during disassembly. 
The stand can now be connected to an aircra^'t 
for testing. Items 22 through 25 are of the air 
pressure system. They are used for pressurizing 
the stand and aircraft reservoirs. 
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callouts for figure 8. 

2-19. Once connected, operating jn- 
•structions are the same as previously described; 
only the following changes are necessary. Ad- 
just the pump compensator to the desired 
pressure for the aircraft under test. Example: 
3000 psi. The relief valve should 'be set about 
250 psi above desired operating pressure. This 
prevents damage to the system being tested. A 
caution— in positioning the reservojr selector 
for test, don-'t move it with stand running and 
flow control valve open, This.prevents possible 
damage to the reservoir from system pressure 
during selector positioning. Be sure when 
operating this, or another, test stand to consult 
and follow proper technical orders. 

3. Hose and Fitting Assembly 
Machine ■ \ 

3-1. The unit used in this section is shown in 
figure 10: It allows the mechanic to rapidly 
assemble dr disassemble standard hose fittings 
Once you .have set ap your machine, you can 
process hose assemblies rapidly and with little 
effort. Compare this to the hand method 
described earlier. The unit shown in figure 10 
can accommodate mediijm pressure hose fit- 
tings size 3 through 32. In the high-pressure 




A. Motor 

Speed reducer 

C. /Control bo?i. torque limiter 

D. Control switch 

E. Clutch 

F. Overriding head 

G. Carriage and vise assembly - 

H. Lever, vise carriage 
I. Handwheel. transmission 
J. Handle, brake lever 
K. Handwheel. visp 
L. ChucIC 
M. Brake 

Figure 10. Hose and frtting assembly machine. 

•hose fitting only sizes 4 through 1 6 can be used. 
With this unit you can. also handle the flange, 
elbow, male pipe and swivel-type fittm^s. 

3-2. Construction, This machine is powered 
by a 17: hp electric motor (A). The electrical 
requirements are 220/440 volts, 3-phase, 60- 
Hertz ac power, the motor drives a speed 
reducer by jneans of a V belt*. The three step 
sheaves to^he speed reducer (B) provide for 
output ^eeds oT 40, 90, and 1 40 rpm. The 
machine is controlled by the three-position 
switch (D).*The positions are FORWARD, 
REVERSE and OFF. A pushbutton switch 
located in the control handle on the top of the 
control switch deenergizes the torque limiting 
device. The torque limiter automatically senses 
predetermined, torque valves and allows the 
prescribed gap setting. Control box C, 
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Operating on 110 volts ac, , controls the 
energizing and oper'ation^of the torque device. 
The control switch on this box has three 
positions, RUN, OFF and JOG. A dial provides 
a means of selecting proper cutoff torque. A 
chart is provided for the calibration of the 
proper selection setting for each size fitting. 

3-3.^rake M, operated by lever- J, controls 
rotation of overriding head assembly F Chuck 
L is also part of the head assembly and is used 
to hold fittings. The overriding head may be 
engaged two ways: 

• By operating the direct-drive lever on the 
head assembly. 

• By engaging the torque limiting device. 

3-4. tTarriage and vi&Q^ssembly G includes a 
vise for holding fittings aiui hose. The .hand- 
wheel K opens^and closes Che vise. Operating 
lever H controls horizontal movement of the 
carriage. Transmission handwheel. I provides 
for manual rotating alignment of the chuck. 
The clutch E transmits torque to the chuck 
when engaged. 

3-5. General Operating Instructions, 

Before this machine is set up for operation, 
make sure that all electrical power is off. Then 
select the proper mandrel drive of the 
overriding head, being careful not to damage 
the thfeads. Next, insure^that tl^e chuck has the 
proper jaws installed. Position the mandrel un- 
til the **B" nut is totally engaged in the jaws. 
Adjust the jaws, to the fitting, providing 
clearance for the "B" nut of approximately I 
inch. Never use an extension on the chuck 
wrench, since excessive pressure may damage 
the chuck jaws. 

3-6 Disengage the overriding head by 
positioning the direct-drive lever to 
DISENGAGE. This is a V-shape lever on the 
overriding head (not shown). It allows the 
chuck to turn, or only the mandrel, depending 
of its position. 

3-7. Switch the machine control switch to 
FORWARD and apply light brake pressure to 
stop rotation of the head. Insert the nipple and 
nut assembly onto the mandrel. Release the 
brake when the head starts to^ turti. This in- 
dicates that the nipple is bottomed* on the man- 
drel and that the nut 4s tight. 

3-8. Place the hose and socket assembly in 
the carriage vise with socket extending 'A to 'A 
incR. Tighten the jaws of the vise securely on 
the socket. Lubricate the nipple and hose bond 
freely. 

3-9. Move the carriage vise forward until the 
nipple enters the hose^bond and the nipple 
threads engage the socket. The overriding head 
is still rotating at this time in the FORWARD 
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position. Allow the nipple to thread intd the 
socket until a gap of 1/16 inch exists between 
them. Do not allow the pieces to be tightened 
to the point that they contact each other. This 
would not give any freedom for **B" nut 
rotation during installation of hose. 

3- 10. When the proper clearance is reached, 
switch the machine to OFF. Apply the brake 
and switch the machine to ^REVERSE; the 
assembly should back off the mandrel. When 
the nipple assembly is clear of the mandrel, 
switch the machine to OFF. Now repeat the 
same process to tl^e opposite end of the hose. 

3*11. For all ty^es i^jUniachines, consult the 
proper TO for further instruction. To insure 
proper operation and safety, be sure to read the 
TO before using this hose assembly machine. 

4. Jaeks 

4- 1. Wh^n it becomes necessary to jack any 
aircraft, first consider the element of safety. 
Before you attempt this operation, consult the 
maintenance TO for the particular aircraft. 
There is always a chance that the aircraft may 
slip and fall from the jacks, with disastrous 
results. Flatheads such as the individual s^wn 
in figure I I are now 6 feel under because of 
their carelessness. 

4-2. Aircraft jacks, are generally classified as 
either wing or axle jacks, Some have a fixed 
height; others are adjustable. 

4-3. Wing "^acks* There are several dif- 
ferent types of wing jacks to fit various needs. 
The type most frequently used is the tripod 
jack. All jacks of this type are basically the 
same in operation and structure. Some are 
larger and possess more, weight-lifting ability 
than others. So, for discussion purposes, we 



have chosen tl^e 6-ton-capacity-lypeKB-l A jack 
(see Tig. 12). It is representative of almost all 
tripod jacks. 





Figure II . Result of i/hproper use of uircrafl jacks 
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A Reservoir locking ciim 

B, Lock nut * ^ 

SciscrcH 

D K.xtcnsion Kick nut 

K Jack pud 

Extension screw 

C5. Riim 

H. Jack pad adapter 

J. Air vent 

K. Filler plug 

L Reservoir 

M Punjp h.iiulle socket 

N Pump handle 

O Pump handle luierum assenihly i 

P. Renuuiihle hinye pins 

O Needle valve • ,^ 

K. Flexible metal and rubber h*>se 

S. Quick -disciinnect littiims 



Figure 12. B IA wmg lack. h-ton 

4-4. The'^B-IA is used as a wing jack- for 
fighter and trainer-type aircraft. It can also be 
used as a nose and tai! jack when tts height and 
capacity are suiiahle. It is a portable, self- 
contained, hydraulic : :> operated unit. The 
jack consists of, a basic hydraulic lifting unit 
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mounted in the center of three tubular ac-M 
legs. It is operated by a pumping unit which is 
connected to the lifting unit by metal and rub- 
ber hose R. Extensions for the tripod base and 
for the ram may vary the height of the jack. Be 
sure to consult the TO on their use. 

4-5. The pumping unit consists of reservoir 
L and a simple hand pump. Under n'ormal con- 
ditions, the pumping unit is attached to the lif- 
ting unit. It can, however, be detached from the 
cylinder and operated jon the ground. Locking 
cam A secures the top of the unit, and hinge pin 
P secures the bottom. The speed of operation is 
* determined by two positions of handle N in 
sockets M. Each socket has a different relation- 
ship to fulcrum O. The top position gives the 
greatest travel per stroke to the lifting ram. This 
position is used for , quick raising when 
positioning the jack. It can also be used for 
loads up to half of the jack capacity. The lower 
position, which provides the greatest lifting 
power, is used when the jack is under fulMoad. 

4-6. The pump itself is mounted in the bot- 
tom of the reservoir. It is a single-^clio^^kypc of 
pump. Fluid is drawn into the pun^ as the 
piston moves away from the suction port. It 
then produces fluid pressure when the piston is 
forced in. The reservoir is a cylindrical steel 
container capable of holding 1 gallon of 
hydraulic fluid. Filler plug K and air vent J are 
located on the top of the reservoir. Remove the 
filler plug and check the fluid level before each 
jacking operation.. The air vent is used to 
prevent a vacuum from being created in the oil 
reservoir when oil is withdrawn. The air'vent is 
opened by loosening a knurled knob before 
jacking or lowering. It should be open at any 
time the jack is under load. Internal pressures 
can be built up as a result of the thermal ex- 
pansion of the fluid and air. To raise the jack 
cylinder, 6lose needle valve Q and stroke pump 
until desired level is reached. 
^ 4-7. Now that you know how to get the jack 
up. let*s'see how you get it down again. At the 
bottom of the reservoir, needle valve Q is part 
of the pump casting. This needle valve, when 
open, bypasses the pump. This allows the fluid 
to return to the reservoir from the cylinder. 
This releases the pressure in the lifting unit and 
allows 'the ram to settle. 

4-8. Fluid flowing from the pump tp the 
cylinder passes through a flexible metal arxi 
rubber hose. It is equipped with quick- 
disconnect fitting S to reduce fluid loss during 
maintenance.. > ^ 

4-9 The primary part of the cylinder assjim- 
bly is lifting ram G. It is an extension Sfihc 
piston in the cylinder, and it houses exYension - 
screw F. Cut into the t)uter surface of the ram 
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are steeply pitched threads. Locknut B can 
rotate up or down the threads. When the ram is 
being raised.the weight of the locknut will 
cause it to rotate down the grooves and remain 
on top of the cylinder. If the ram lowers, the 
locknut will bind between the grooves and the 
cylinder top and will not rotate. The locknut is 
merely a safety device to prevent accidental 
lowering. The^nut should always be screwed 
down against the cylinder except when 
lowering the load. In this event, ihc locknut 
should be rotated up the ram by hand to keep a 
clearance between it and the cylinder. This 
allows the ram to lower, but is ready to lock 
should a pressure failure occur: Setscrew C per- 
mits locking the locknut to the ram. This 
should^be us^d when one leaves the jack stand- 
ing standing under a load. The ram is guided 
in its travel by an upper bearing in the top of 
the cylinder assembly and . a lower bearing on 
its lower end. It is pc^^ented from turning by 
means of the ram key, VWh*^ located in the 
upper bearing. The key fits [n a veritical slot on 
the ram (not shown). The Rjt of the bearing is 
very close. Any burrs or deformation on the 
ram can prevent it from lowering smoothly. 
The outer surface and the steeply pitched 
grooves must be kept clean and smooth. The 
should be used when one leaves ^he jack 
standing under a load. The ram is guided 
weight. Dirt on the ram's surface or burrs on 
the groove edges and keyway will scratch and 
mar the upper bearing. 

4-10. The screw extension is afso equipped' 
with locknut D'. It should be screwed down to 
inh^ top oS the ram as soon sR; the screw has been 
screv^d out the desired distance. It too, is a 
safety device. Jackpad E fits the jackpads on 
many aircraft. If it doesn't, jackpad adapter H 
placed in the jackpad will meet the need. 

4-1 i. So]||gtimes air ijiay get under the ram. 
If this happens, the jack will not work right. 
Because the ram is heavy, the air under it must 
be compressed before the ram moves. After the 
ram reaches the load, the air must be subjected 
to more pressure in order to lift the load. Earh 
time pressure is applied against the air., pump 
strokes are lost. The simplest remedy for this 
sitiiation is to pump up the ram a short 
distance. Then lay the jack on its side with the 
hose connection up. Disconnect the hose at; the 
cylinder and hold open the cylinder side of the 
quick-disconnect valve. Now press in on the 
tfitn. This will ezpel the air from the cylinder 
a$semblYj. Bleed the air from the hose by 
holding^e hose side of the qiRck disconnect 
open. Then operate the pump slowly. When all 
^air is expelled, reconnect the hose. 
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A. Air vent 

B Pump handle i>ockct 
C. Needle valve 



'f igure 13. Axle jack. 

4-1 2. Axle Jacks. Axle jacks are often used 
instead of tripod jacks vvlien brake work .or tire 
repair is b^ing perfonmed. There are several 
typeSi^f axle jacks. Figure I 3 shows a 5-ton 
jack which is typical^ of most hydraulically 
operated axle jacks. The type to use depends on 
how high or how heavy the load is, and how 
miich clearance between the load and the 
ground. Of course you wouldn:'t use a jack that 
has a closed height of 6 inches to raise the axJe 
of a B-52 gear. When it is fully extended, it 
probably wouldn't even reach nhe axle. 
Jherefore, you must use a little common sense. 
The best thing to do is to select a jack that is 
just a little low^r than the axle when the jack is 
closed. Then there^ shouljd be no problem. 

4-13. Likesthe tripod jacks, the axle jack/has 
a screw extension in the ceffter ram whicj/can 
be extended for |f,eater height. Notice also that 
there are three raitis instead of one. Because of 
this, a small and compact jack can be made to 
extend a great distance. Once again, the pump 
is built into the reservoir. However, in this jack 
the reservoir is the base of the ram section. In 
figure 13 you can see that the handle, behind 
the jack, fits into the pump handled socket'(B). 
The handle is equipped with no^tches in the 
pump end which fit the knobs on the needle 



valve head. I his make^ opening and closing of 
the needle valve (C) easier. There is also an air 
vent (A), which should be open during ex- 
tension, lowering, and, when under load. Ai ail 
other times this air vent should be closed. kTo 
service the rescivoir. lower ihe jack completely 
and remove the air vent and plug iA) , Place a 
funnel in the opening, and fill with hydraiific 
fluid. Remove funnel and rcpla^{?e the pluii.^it 
the jack is not going to be used, close ihc air 
vent. 




Figure 14. Jack pads. 

4-14. Jack Pads. Jack pads are adapter units 
which allow the jack to fit the jackpoint on the 
aircraft. They lessen the likelihood of the jack s 
slipping and- damaging the aircraft. Figure 14 
shows types of jack pads whicTi fit into the 
socket of the jack extension screws. (E in fig. 
12). Other jack pads are attached to the un^er 
•side of the aircrafi. They are points shaped to 
fit into the pads on the jaqks. The reason for 
having a variety of jack adapters is to permit the 
lise of one jack for a number of aircraft. All air- 
craft do not necessarily have the same type of 
jack. pad. The aircraft may have its jack pads 
permanently attached, or it may require that 
they be attached for jacking. Some of the air- 
craft pads may be bolted on: others may snap 
into place. Still others s^rew on. When not in 
use, ,some aircraft jack pads are stored in the 
aircraft; others must be stored in the simply 
rooms of the home base. The TO fopthe par- 
ticular aircraft giveti ^-^tructions on- the storage 
of jack pads. 



4-15. Use of Jack.s. Placing the jack under, 
- the aircraft is an important operation which 
should not be done haphazardly. Figure 15 
shows how the jacks should be positioned. You 
should also know the capacity called for in the 
aircraft TO and the capacity of the jacks 
hand. If you have the proper jacks, again check 
the TO on how to place them under the aircraft. 
Youjyill need to know how to place the jack 
under the wing to obtain greatest support with 
least danger of slipping. Now let's discuss a few 
general jacking hints. 




I 'viine 15. Jack pKKL'tih lu uiiJcr .tircrati. \j 

4-ie) \ jgure 15 shows wing jacks arranged 
s(i ihai the two inside legs run- parallel to jlie 
fuselage. The nose jack is placed that its trt^ 
side legs run perpendicular to the Uiselage. This 
increases stability. The positioninig of the legs is 
the major item to consider, but another item is 
the positioning of the wh(*els. You should 
hn:ate the legs with wheels in a certain manner. 
.Make it easy to get the jack from beneath the^ 
aircraft quickly as soon as thejoad is removed 
from it. Why hurry? Because you will probably 
be lowering the aircraft onto its landing gears. 
Shock struts will often bind a little and not 
compress to their normal position at' once vyheii 
lowered. They may drop suddenly or possibly 
hang up until you shake the wingiip a bit. if this* 
should happen, you can see that it would be 
very easy for the wing to become frhpaled on 
the jack. -Therefore, the best procedure is (»> 
align the legs properly. Have the wheels .pjui! 
ted in the direction you iot^mT to mo'vp theja».k 



when it is free. This may not be the way you 
would do it when working on a smooth floor. It 
may be just as easy to slide the jack out as tt 
would be to tilt it over and roll it. If this is the 
case, don't worry about the wheels. However, a 
cracJc in the floor. or any other rough spot may 
make rolling necessary. 

4-17. After the -jtwjcs have been properly 
placed, remove the wheel chocks. Then run the 
screw extension up to the jack pad. Never tilt 
the jack to line it up with the aircraft jack* pad; 
instead slide it ojyer. Now open the reservoir air 
vent, close the needle valve, and start pumping. 

4-18. When jacking aircraft, be sure to raise 
all jacks simultaneo\^sly. The best way to do 
this is to have four men performing the 
operation: one- man on- each jack and one 
•point man" w ho sij^nds out .in front 'of the air- 
craft giving directions. If four men are not 
available, three men can do it with cautioi^ 
Some bases: even authoriz£ two men to jack an 
aircraft. They do it by rinsing the main gears a 
little and then raising the nose gear a little, etc. 
But, this is not advised if you have three men, 
because it is better 'to keep the aircraft level. 

4^9. The raising and lowering of large air- 
craft .sometimes require the use of more than 
onejack under each wing. In fact, as many as 
three jacks under each^wing may be required 
when raising our heaviest bombers. In this case, 
a hydraulic jacking ^manifold (MA«I cart) 
would likely he used. The hydraulic jacking 
manifold is a portable unit with pressure lines 
going to each jack. It provides .equal hydraulic 
pressure to all of the jacWa. Jihe manifold 
pressure for right-or' left- wing jacks is cbn- 
trolled by shutoff valves on the MA- 1 cart. This 
all iiws ih^aircraft' to be jacked, evenly. 

4-20. One word of caution regarding the ust 
of any jack. Aiways read the applicable TOs 
before begining any jacking. operation, 

4-2 I . Inspeclion and Maintenance of lacks. 
Prope-r inspection arfd , maintenance - of 
hydraulic jacb help prevent mechanical, or 
hydraulic failure i)f jacks. In turn, this prevents 
possible, injury to maintenance personn'ei. You* ^ 
the hydraijfic repairman, may have the 
res-ponibijii) o\ pcrforrtiing these inspections 
and m'amtenance tas>;s. The'jechnical order 
pertaining to the particular jack tells you how ' 
to do the 'inspeciiuns and maintenance, 
However, there are^ some general procedures 
th^t^pejiain to all jacks. *For example, before ' 
you use the jack, you should check the base or 
tfipotf for looS|.ne^s. The hand pump should be 
/hecked fo/proper operation. Along with this 
chetk. you 'should look for any hydraulic leaks 
that may have devdopfed. Inspect the ram for 
evidence of any burrs 'or damage. The outer 



surface and the grooves of the ram must be kept 
•clean. The locknut should rotate freely around 
the ram with such ease that it will move down- 
ward by its own weight. 

4-22. At least once a week, the reservoir 
fluid level should be checked. Thr fluid level 
should be just below the ftller opening. The 
reservoir should be drained and flushed with 
kerosene (or as approbed solvent? at least once 
every 3 months. (Occasionally, the pump handle 
pivots and dolly wheels should be lubricated 
with a light lubricating oil. 

4- 23. When jacks are not in use, they should 
be stored upright and in a dry place. The ram 
should be completely retracted down into the 
cylinder. This prevents dirt grit from ac- 
cumulating on the outer surfaces and grooves of 
the ram. 

5. Maintenance Stands 

5- 1. Closely associated with hydraulically 
operated aircraft jacks are hydraulically 
operated maintenance stands. There are several 
types of these stands. The elevating mechanism 
on all is basically the same as on hydraulic 



jacks. We shall discuss one of these stands: the 
B-t maintenance stand. 

S-2. The B-1 maintenance stand is shown in 
figure* 16. It is a hydraulically operated com- 
yffation of stair structure and work platform. 
The platform can be raised and held at any 
position between 3 and 10 feet. This is done 
by a hydraulic cylinder hand pump. Stair 
support members and stair handrails are rigged, 
making the platform self-aligning and level. 
Because of the handrails on^oth the stairs and 
ffiiflVork platform, the stand is quite safe. 
^5-3. Another 4 feet can be added to the 
heitht of the B-1 platform. This is done by 
.placing a C-1 stand, shown in figure 17, into 
the platform post sockets. The post socles 
provide , for either the attachment of platform 
handrails or the C-1 stand. . 

5-4. The base of the stan^, made of welded 
tubular steel, is 1 1 feet long and 4 feet wide. A 
cylindrical hydraulic fluid feservoir is. welded 
across the;^ width of the frame. The platform lif- 
ting mechanism is a hydraulic cylinder assem- 
bly. It is actuated by a hydraulic hand puimp 
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■• Figuft r6. tB-I mamtcfnancc stand. ' 



also mounted on the base. The hydraulic cylin- 
der assembly connects the base to the uppe^ 
structi^re to give lift. It also gives support to the 
upper structure to give lift. It aliso gives support 
to the stairs and platform in all raised positions 
of the platform. 




Figure 17. C-l stand mounted on a B-l platform. 

5-5. Unjlercarriage.. Equipment. The B-l 
maintenance stand has a tow bar bolted to the 
front rpf the frame and "Wheels at each corner, 
the two front wheels are swivel-<Jastered. The 
two rear whpe^s are 16Mnch, pneumatic-tired 
ste^l wheels. • 

5-6, Two base'locks are bolted to the for- 
ward end of the frame to prevent movement of 
the stand during use. They give stability to the 
stand when the platform is extended. The locks 
are spring-loaded, vertical steel stems equipped 
with foot plates. When the foot pe^a! is pressed 
downward, the plates sit on the floot. In the 
down position the iQcks tend^ to relievos the 
weight resting on the casters^ and prevent their 
movement. v 

5-7. Hydraulic System. The hydraulic cylin- 
(ier holds the platform at the desired height. To" 
prevent accidental lowering of the gylinder, a 
safety .lock is used. The lock is a U-shaped steel 
device. Designed to fitlrito grooves cut into the 
cy Under assembly with a length of chain. This 
prevents its being- lost or bther\i^isej^parated 
from the maintenance stand. It should be in- 



stalled before you ascend the stairs to the plat-^ 
' form, 

5*8* The hydraulic system shown in figure 18 
functions to supply fluid under pressure to the 
cylinder assembly. Hydraulic fluid from the 
handpump (B) goes through the hose (A) to the 
lower end of the cylinder (F). Pumping the 
hand pump causes the cylinder assembly to ex- 
tend. The bypass valve (C), when in the closed 
position, traps the hydraulic fluid pressure in 
the cylinder. When the bypass val>)^e is opened, 
fluid in the cylinder bypasses the hand pump 
. and returns to the reservoir (E). This causes the 
, cylinder to retract. The speed of retraction is 
controlled by the . amount of bypass valve 
opening. The suction part of the hand pump. has 
a protective strainer (D). This strainer prevents 
particles from entering the pump. 

5-9. Stair and Platform Assemblies, The 
stair support assembly consists of two oblong 
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A. Connecting hose 
' . B. Hand pump 

' C. Bypass valve 

D. Strainer 

E. Reservoir 

F. Cylinder assembly 

. Figure 18. B-l stand hydraulic system. 

box settions made of welded steel tubing. These 
two sections are attached by pivot pins to the 
bdse assembly at the bottom. The platform is 
also attached to these suctions by pivot pins. 
The stairs are mounted between these two sec- 
tions. They, remain parallel to th^base at all 
platform levels. The stair handrail and posts are 
hinged at both connections at the top. This 
keeps the hanc^rails parallel to the stair support 
frames at all times. ' > . ' - 



A. Hood 

B. Instrument panel cover 

C. Instrument panel 

D. Automatic shutters 

Figure 19. MC-I air compressor. 



5-10. The work platform is mounted on the 
upper structure of the stair support assembly. It 
is approximately 4 feet square. It is made of 1- 
inch plywood and covered with dimpled sheet- 
metal panels. The platform is bolted to the up- 
per structure and supported by steel channels. 
This enables it to sustain a static load of 1500 
pounds. However, the platform should never be 
raised when it is carrying^a load greater than 
500 pounds. 

5- 11. The B-1 maintenance stand requires 
periodic inspections and servicing to insure safe 
and dependable service. Comply with TO 
procedures if you want good operation of this 
eqiiipment. 

6. Portable Air Compressors 

6- 1. Another type of ground-support equip- 
ment which you will use is the portable air 
compressor.. It is used to charge pneumatic 
system air bottles; shock struts, acctiiiiulators, 



tires and for several other purposes as well. 
There are various types and sizes of com- 
pressors in use by the Air Force. The choice of 
compressor is based on the work requirements 
gnd work area facilities. Many shops have a 
"house air" system, but a portable compressor 
is needed for flight line work. We will discuss 
one representative type. 

6-2. An air compressor in general use on the 
flight line is the MC-1 (Joy) air compressor, 
shown in figure 19. This compressor can be 
used for charging high-pressure pneumatic 
systems and to service tires on portable equip- 
ment. 

6-3. The MC-1 air compressor is designed 
for^ continuous operation. It has a i^ated 
capacity of 15 cubic feet per minute (cfm) of 
free air compressed to 3500 psi. Notice in 
figure 19 that the compressor is a completely 
self-contained unit mounted on a four-wheel 
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Figure 20. MC-1 flow schematic. 



A. First-stage blowdpwn valve 

B. Second-stage blowdown valve 

C. Third-stage blowdown yalve 

D. Air cleaner 

. E. Second-stage pressure gage 

F. ^Second-sOirge-condensate chamber 

0. 275 psi pressure relief valve 

H. Air receiver 

I. Pilot valve 

J. High-pressure service line pressure gage 

K. High;Tpressure servicing hose 

L. High-pressure service line relief valve 

M. High-pressure service line shut-off valve 

N. [ Priority valve (2400* psi) 

O. Receiver pressure gage 

P. High-pressure air filter 

Q. Regulator-outlet pressure gage 



R. 600 psi safety valve 

S. Low-pressure service line shut-off valve. 

T. Low-pressure service line relief vafve 

U. Pressure regulator 

V. Regulatbr inlet pressure gage 

W, Dehydrators ^ 

X. Low-pressure servicJfthose 

Y. . Receiver drain valv^^ 

Z. 3,800-psi pressure relief valve 

AA. Safety head (pop-off valve) 

BB. 75-psi pressure relief valve 

CC. First^tage pressure gage 

DD.^ First-stage condensate chamber 

EE. Third-stage pressure gage 
FF. llOO-psi pressure relief valve 

GO. Third-stage condensate chamber 
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chassis. It consists of the following main com- 
ponents and systems^j|gc^<compressor assembly, 
engine assembly, instrument panel, dehydrator 
installation, inclosure, chassistiicompressor con- 
trol system, electrical system, high-pressure ser: 
vicing system, and the tow-pressure service 
system. 

6-4. The air compressor assembly is moun- 
ted on the chassis at the rear of the inclosure 
(tow-bar-end being the front). The compressor 
is a. four-stage, air-cooled, V-type, single- 
acting, ^reciprocating unit. Two cylinders- oc- 
cupy each wing of the V: the first and third ^ 
stages in one, and the second and fourth stages 
in the other. Two pistons operate in. tandem, 
one above the other, (see fig. 20) using the same 
connecting rod. The air compressed in four 
separate stages. The sizes of the pistons and 
cylinders get smaller with each stage of com- 
pression. ^ 

6-5. The compressor is driven oy a four- 
cylinder gasoline engine which runs at a gover- 
ned speed of 2200 rpm. A clutch takeoff assem- 
bly is bolted to the engine crankcase. It permits 
starting and operating the engine without load. 
It is engaged by a clutch lever which protrudes 
through the housing and instrument panel. 

6-6. The instruments and manually operated 
controls are located on the instrument panel 
(C) (fig. 19). The only exceptions are the 
parking brake lever and carburetor priming 
lever. The instrument panel will be discussed in 
detail in a following paragraph, 

6-7. A diaphragm-valve-type low-pressure 
regulator adjusts the service line pressure from 
0 to 500 psi. Two gages are mounted on the 
regulator: one gdge shows the pressure in the 
air receiver and the other the pressure at the 
service line. . ' 

6-5. The dehydrator and air filter in- 
stallation includes the high-pressure air filter, 
two oxygen purifier cylinders, and in- 
terconnecting tubing. The installation is 
secured to the chassis in front of the instrument 
panel. The tjyo oxygen purifier cylinders are 
connected i>fseries between the air receiver and 
high-pressure filter. (An oxygen purifier cylin- 
der is merely ^a dehydrator cylinder.) *Each 
cylinder contains a nonreactivating oxygen 
purifier partridge. It absorbs the water v^||r 
from the air that was not removed by the'TOn- 
densation chambers. 

6-9. The air compressor inclosure provides 
all-weather protection for the operating com- 
ponents. Two covers (A) and (B) protect the 
engine and instrument panel. The ventilating 
shutter (D) is automatic, thermostatically con- 
trolled. It maintains suitable temperature con- 
ditions around the components. tol 



6-10. The MC-ls electrical system provides 
power for starting the engine and for operating 
the hourmeter. The hournieter, mounted on the 
instrument panel, is started and stopped by a 
^ pressure switch. It runs only when the com- 
pressor is compressing air. 

6-11, This completes our general discussion 
of the MC-1 compressor. Let*s discuss the 
schematic flow diagram of the compressor 
assembly. It will give us a better idea of how 
each component ties into the overall operation, 

6-12. Schematic Flow Diagram. Figure "20 
illustrates the flow schematic diagram. While 
studying this schematic, you will find that some 
cal louts are not mentioned in this text. 
However, this applies only to callduts which 
are self-explanatory in the figure legend. 

6-13, The first section of the flow diagram 
we will discuss is^ the> compressor control 
system. It controls the compression of air by the 
compressor and removes ifioisture collected in 
the condensation chambers (F, DD, and GG). 
The control system consists mainly of the pilot 
valve (I) and the blowdbwn valves (A, B, and 
C), plus the interconnecting tubing. The pilot 
valve controls the flow of air from the air 
receiver (H) to the blowdown valves. The pilot 
valve can be hand adjusted so that receiver air 
flows through it at all times. In addition, it can 
also be set for automatic operation. When on 
automatic, it opens when the pressure in ohe air 
receiver reaches 3500 psi.' The pressures at 
which the pilot valve automatically opens and 
closes are'known as the "unload'* and "load" 
pressures. The three blowdown valves provide a* 
means of venting the four compressor stages to 
the atmosphere. When the pilot valve opens, the 
three blo<vdown valves also openTTh'is fSrevents 
the compressionvdf air because the first thrive 
stages are vented to air. In addition, the 
moisture accumulated in the condensate cham- 
bers is blown out. When the pilot valve closes, 
the blowdown valves likewise close, permitting 
the compressor to compress aif. 
. 6-14. The high-pressure servicing system 
provides a source of compressed air in the 
range of 2400 to 3500 psi. This system consists 
of the^ high-pressure servicing hose (K), service 
line relief valve (L),' service line>shutoff valve 
(M), 2400-psi priority valve (N), dehydrators 
(W), air filter (P), and 500-cubic-inch air 
receiver (H). 

6-15. The lo\w-pressure system provides a 
source of compressed air at pressures in the 
range of 0 to 500 psi. This system consists of a 
hose (X), low-pressure chuck (not shown), low- 
pressure regulator (U), and shutoff valve (S). 
Also included are the low-pressure service line 
relief valve (T), a safety valve (R), dehydrators 
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A. Ignition switch 

B. Air receiver pressure gage 

C. Pilot valve 

D. AmmeteF* 

E. Third -stage pressure gage 

F. Compressor 691 pressure gage 

G. Second^tog&^ressure gage 

H. ^ 'Engine oil pressure indicator 
I. First-stage pressure gage 

. J. Hourmeter 

K. Regulator inlet pressure gage 

L. Regulator outlet pressure gage 

M. Control panel 

N, Low-prrssure regulatcy 

O. Instruction plate 



P. Low-pressure servicing line shut -off valve 

Q. Low-pressure servicing relief valve 

R. High-pressure servicing hose 

S/ Low-pressure servicing hose 

T. ' No. I dehydrator 

U. No. 2 dehydrator 

V. High-pressure servicing line relief valve 

W. High-pressure servicing line shut-off valve 

X.* Tool and technical manual box 

Y. Air receiver drain valve ^ 

Z. Starter switch 

\A. Choke control 

BB. Clutch lever 

CC. Engine speed regulator 

DD. High-pressure service line pressure gage 
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Figure 21. MC-I instrument panel. 



(W), air filter (P), and of cmirse the 500-cubic 
inch air receiver. CAUTIor^r r/ie low-pressure 
chuck attached to the end of the servicing hose 
is for pressure from 0 to 300 psi only. 

6-16. You should now have an un- 
derstanding of the systems making up the com- 
^pressor assembly. Let*s study the unit further by 
discussing how it is operated. Keep in mind that 
as you study each step in its operation, you 
should refer to figure 20 often. This will help 
you to better understand the overall operation 
of the air flow systems. 

6-17. Operation. The operation* of the MC-1 
compressor is relatively simple. However;Jike 
other aerospace ground equipment, there are 
definit procedures that must be folloWed. The 
first thing you should always do is check the 
AFTd Form 45 for the status of the unit. Then 
perform a visual inspection of the entire 

unit. Of course the instrument panel door and 
compressor hood (items B and A in fig. 19) 
must be open to perj^m this inspection. Now 



check the engine oil, compressor oil, fuel, and 
battery for proper levels. Also chepk the engine 
air cleaner and compressor air cleaner. If you 
find the unit serviceable, you are ready to 
proceed with the starting operation. 

6-18. Refer to the instrument panel shown in. 
figure 21 for the following discussion. First 
disengage the clutch by moving the dutch lever / 
(BB) towards the instrument panel. Then close/ 
the servicing line shutoff valves (P and ^\(/ 
Then close the servicing line relief valves (Q 
and V). Next, make certain that the pilot valve 
(C) is in the manual unload position. This will 
take the load off the^ compressor when it is star- 
ted. Turning the handle clockwise until the 
valve spring tension can first be felt will 
position the pilot valve to manual. From'this 
point, turn the handle approximately one fuir 
turn more (still cloxkwise). Now, close the air 
receiver drain valve (Y). Next, close the .low- 
pressure regulator (N) by .turning the hancHe 
counterclockwise until all^ spring tensionr is 
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relieved. Finally, if the temperature is below 
freezing, close the compressor hood. Warning- 
Never start the engine in an' inclosed space 
without venting the ejchaust gases tv the outside 
atmosphere. 

^ 6'\9, To start the e;ngine, you fir/t pull the 
choke control (AA) part way 9ut. The amount 
ot choking required depends on both the engine 
temperature and the ambient temperature. 
Next, push the ignition switch (A) all the way 
in. Then press the starter switch (Z) and allow 
the starter to crank the engine until It starts. It 
^ IS important that you do not hold the switch in 
tor more than 30 seconds. Prolonged cranking 
will cause overheating of the starter. After star- 
ring, observe the engine oil pressure indicator 
(H) and ammeter (D^ (If there is no oil 
pressure indication within 30. seconds, pull the 
ignition switch.) Allow the oil pressure to 
stabilize. Then operate^he engine at idling 
speed until warmed up to the normal operating 
temperature. When the ^engine is warmed 
(operating smoothly at idling speed without 
choking), pull the engine speed regulator (CC) 
part way out. Note: Now is a good time to 
double check and make certain that valves P. Q. 
V, \\\ and Y are closed. » 

6-20 Now you are ready to engi'ige the 
Clutch. You do this by moving the lever (BB) 
away from the instrument pan^l. Then check 
the compressor oil pressure gage (F). If there i.s ' 
no indication of pressure within 30 seconds 
disengage the clutch. When the oil pressure is 
stabilized, puli the engine speed regulator knob 
out as far as possible. This gives you ma.ximum 
governed engine speed. Lock. the control in that 
position by rotating it clockwise one-fourth 
turn. N«xt manually load the Ci)mpres'sor by 
turning the handle of the pilot valve (C) two 
full turns counterclockwise. This sets the pilot 
valve to automatically load and unload the 
compressor. Now observe all of the interstage' 
pressure gages (I, G, and E). These gages 
should almost immediately indicate a gradually 
increasing pressure. When the iy\r reetiver 
pressure gage (B) reaches maximum, tiie nurmal 
pressure for the fir^t stage (I) is 45 to .55 psi, the 
second stage (G) is 190 to 230 psi, and the ' 
third stage (E) is 875 to 1000 psi. 

6-21. To use the high-pressure system, con- 
.nect'the high-pressure service line (R) to the 
system that you are servicing. Use only a high- 
pressure chuck. Then open the high-pressure 
service line shutoff valve (W) and service to the ' 
required psi. The pressure reading will show on 
the high-pressure service, line gage iDD). ^ 

6-22. If you have to service a 'tire t^r some 
other low-pressure unrit (below 300 psi), use the 
low-pressure system. To use this system, open 
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thfe low-pressure servicing line shutoff valve 
(P). At the same time, make sure that a low- 
pressure chuck is attached to the low-pressure 
servicing lifte (S). While watching ihe'ouiltt 
pressure^ gage (L), adjust the low-pressure 
regulator (N) to the desired psi. You are now 
ready to service the tire or unit. 

6-23. After servicing with either high or low 
pressure, close the servicing line shutoff valve 
(W or P). Then open the respective service line 
relief valve (V or Q) to discharge the pressure 
trapped in the service lines. Items J, K, M. O, T, 
and U are, self-explanatory. 

6-24. To shut down the compressor, you 
should first manually^nload the air com- 
pressor with the pilot valve (C). Turn the han- 
dle clockwise until the .valve sprang tension can 
first be felt. From this point, turn the handle' 
approximately one full turn clockwise. Next, 
adjust the. engine speed regulator (CO to a fast 
idle and allow it to run until the Ci)nipro.ssor 
cools down. After this, disengage the clutch and 
allow the engine to idle for 3 \o S minutes. 
When the engine has cooled vit)\vn, pull the 
Ignition switch to ^top the engine. If the com- 
pressor is fU|t on a standby status (may he used 
acain sot)n ).' drain the :uv receiver by iipening 
the. drain valve (Y). .After sufficient cooling, 
you ma> close theJiood and panel d<n»r5. 

fi-25. An air compressor is needed almost 
daily in \our joh. To make your work e;jMcr 
and to make your c<impnessor last limtjcr. oh- 
ser\v tile hillowing rules: 

• Never start the engine with the clutch 
engaged, y 

• Never star/ t[)c engine with the v.lurch 
engaged. 

• Never engage the clutch when the 

is operating at speeds faster than fast idle. 

• Never engage the clutch when the 4:0111- 
pressor controls are in the load position. 

^ Never tighten the service line relief and 
^ shutoft valves or receiver drnin valve to 
exceed 35 inch -pounds. These valves are 
constructed with an. internal hall and 
?>pr:ng as.sembly. Thus, you do not have to 
exert .n great force to shut thein .iff. 

6-26. Opcrulor s \kiinU>nancc. Operator s 
niaintenanjo consists of^visually inspecting the ' 
unit, checking oil levels, and servicing if 
required. Minor iflaintenance such as seoi^ing 
a low tire and tightening loose screws. rfutsTimd 
bolls are also done by the user. Major main- 
tenance such as inspections and engine or com- 
pressor troubles are done by ground power per- 
sonnel. However, you may b^ required to help ^ 
ground power people troublebhoot the com- 
pressor when difficult problems arise. More in- 
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formation for repair may be found in TOs 
covering your unit. 

6- 27. Remember to practice your general 
safety precautions while using compressed aiV. 
For example, a loose hose discharging high- 
pressure air is more dangerous than a whip. 
Always release the pressure in the servicing line 
before disconnecting it. And, never, never 
^^gage in horseplay with pressurized air 

' 1. tlllrasonic Filter Ckaning 

7- 1. Sound is vibrational energy. Vibrations 
at a frequency of 16 to 15,000 cycles' per 
second can be heard by the human ear. . 
Vibrations above this level are termed 
ultrasonic. One of the first practical uses, of 
ultrasonics was a sonar device. This was 

; developed during World War I for detection of 
submarines. 

7-2. As research continued, it was found that 
ultrasonic energy could be used for mixing "un- 
mixable" liquids, destroying bacteria, ac- 
celeranon of, chemical reactions, cleanjng in- * 

• tricate"mechanismsi and marty other uses. This 
is where we com^ into the picture. We use 
ultrasonics for cleajiing intricate mechanisms 
such as filters. 

7-3. Ultrasonic cleaners are designed for. 
many different appMcations. They range in size- 
from a small table top unit up to 50D-gallon 
cleaners, 6x possibly lasher. They can be used 
for cleaning filters, electronic parts, and small 
or larrfe fnechanical units. Possibly you h^v^ 
t^ken ypur wi^istwatch to a jeweler for cleaning-, 
many jewelers use ultrasonic cleaners to clean 
watches. ^ ^ ^ , 

7-4. Thje Sonic System. A sonic system is 
composed of two basic parts: a generator and a 
transducer. Jhe generator supplies alternating 
electrical; energy to the transducer. The 
. generator j may be either electronic or rotary. 
The transducer converts electrical energy into 
mechanic4l energy in the form of vibrations. > 
The trans^lucer is the heart of the sonic system, 
so we will cover it in' more ^detail. 

7-5. Transducers fall into \wo ' 
classes— piezoelectric^&nd magnetrostrictive. A 
piezoelectric transducer is composed "of a 
natural crystal such as quartz. Or, it can be a 
special ceramic. They both emit sonic^ 
vibrations while under the influence of an elec- 
trical voltage. The magnetrostrictive transducer 
IS composed* of a metal* such as cobalt, nickel, 
or iron. A magnetrostrictive metal is one which 
undergoes size change when subjected to a' 
magnetic field. When the magnetic field is 
relieved, the metal returns to its, natural dimen- 
sions. In a magnetrostrictive sonic, system, the 
transducer can then be vibrated by an in- 
terrupted or altern^ating magnetic field ^ 

f 
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7-6. The choice of a transducer depends 
upon the sonic energy applfcation needed. 
Generally speaking, the crystal or ceramic tran- 
sduceps are used for low power applications. 
The magnetrostrictive transducer is used where 
power is to be applied for longer periods of 
time without loss' in efficiency. 

7-7. Sonic Energy Cleaning, Ultrasonic 
Cleaning accomplishes its purpose in two ways 
One, cavitation of the liquid, is physic'al. The 
other IS chemical— the solution dissolving the 
soluble soilag^. for this we use a tank filled 
^with a cleaning solution. The type of solution 
depends oo the type of soils to be dissolved We 
attach a transducer to. the bottdm of the tank to 
; produce vibrations. These ai-e ^transmitted 
throughout the cleaning solution and cause the 
cavitation effect. 

7-8'. Cavitation is the formation of billions of 
microscopic sized cavities within a liquid 
These cavities are ^lled with vaporized 
solution. They are ca^used wherr the pressure on 
the liquid is reducecf below the\apor pressure 
. point, of the liquid. Under this condition the 
vapor bubbles or cavities appear throughout the 
liquid in a flash; 

7-9. How is this low pressure created? When 
sound waves are transmitted thrbugh air, there 
are alternating zones of high pressure and low 
pressure. The air molecules are squeezed 
together during the high-pressure front of the 
wave. But, they are spread apart during the low- . 
pressure part. When sound waves pass through 
a liquid, it is almost impossible to squeeze the 
liquid molecules together. But, a low-pressure 
area follows the high-pressure front. Now, ih€ 
low, vapor pressure (the tendency of all liquids 
to vaporize in a vacuum) will cs^use the liquid 
molecules to separate ffom each other. At this 
point they are no longer a liquid but enter ^he 
gaseous state. This forms billions of vapaf 
cavities in the low-pressure front of the so\ind 
wave. Now comes the high-pressure front of the 
next wave. It pressurizes all the vapor in the 
cavities, compresses the vapor-liquid mixture. 
It callapses^aH the cavities by compressing the 
vapor back* into a liquid. Collapse of theses 
cavities is called implosion. ' ' 

7-10. While the energy in any one implosion 
IS extremely small, there is an^^ uncountable 
number,of them. It is calculated that enormous 
pressures (in the order of 10,000 potinds per 
square inqh) and enormous temperature^ (of 
apprpximately 20,000° F.) are developed. The 
formation and bursting of these vapor pockets 
with their faStestic pressures and temperatures 
does the scrubbing. This action takes place 
millions of times per minute. It can be 
described as **millions of tiny scrubbing fingers 
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at work." "^he sound waves are simply the 
mechanical means to achieve cavitation. 

7-11. Dissolved air and other gases play a 
role in ultrasonic cleaning. Some of the sound 
wave energy is absorbed by the cushioning ef- 
fect of the air bubbles in the solvent. For- 
tunately, the sound waves cause the air bubbles ^ 
to coalesce (jofO together) and float to the Sur- 
face, where they escape. Ultrasonic agitation 
will oufgas (cause g^s to leave) liquids within a 
period of 30 seconds to a few minutes. During 
this time the trapped air bubbles act as an 
energy sink. Cleaning will tipt be very effective 
until the liquid is completely/ oUtgassed. 

7-12. PD 'SANE SO UlfrWnic Cleaner. 
The SANE 50 is a typicalNnachine for 
discussion of specific ultrasonic cleaners. This 
cleaning machine rapidly^ cleans Vnd tejts 
woven wire filter elements. Cleaning solutions 
used with this machine are carbon remover. 
Fed. Spec. . P-C-1 1 I.A, and trichloroethylen^. 
Fed, Spec. 0-T-634A. 

W/VRNING: Carbon remover and 
trichrloroethylene are toxic. Handle carefullv to 
avoid breiithing the vapors a^id to prevent con- 
tact ^ith exposed skin areas. Protective 
clojrtmig including eyeshields, rubber safety-toe 
shoes, plastic-covered aprons, and rubber- 
impregnated gloves will be worn by personnel 
working with these solutions. 

7-13. The SANE 50 ultrasonic cleaner is 
shown in figure 22. It consists (Primarily of five 
"tanks, four filters, and two control panels (A 
and E). The tanks are presoak (D), boil (F), 
cleaning (G), condensate (H), and test tank (I). 
Each of these tanks serves a separate function 
in the cleaning process. 

7-14. Presoak tank. The presoak tank (D) is 
filled with carhjon remover. It has a cooling 
coil, heater, thermostat, drain pi^mp, and sonic 
unit. This tank is used for loosening the dirt in 
the filter elements. 

7-15. Boil tank. The boil tank (F) is filled, 
with trichloroethylene and is provided with a 
heater and thermostat, this tank was .^t fijst 
l^ed to dissolve the carbon remover and dirt 
loosen^ed during the presoak operation. Recen- 
tly, there has been a change in procedures for 
cleaning wire mesh filter elements. The filters 
being cleaned bypass the boil tank. They go 
from, the presoak tank directly to the cleaning 
*ik. The boil tank heats and vaporizes the 
dirt/trich^roethylene for recovery in the con- 
denser. 

.7-16. Cleaning tank. The cleaning tank (G) 
is also filled with trichloroethylene. This tank 
is provided with a cooling coil,, thermostat, 
sonic unit, three filters (C) (50-, I0-, and 3- 
micron), pump, and drain valve. The cleaning 



tank provides ultrasonic agitation and cir- 
culation of the cleaning fluid. This further 
removes dirt particles from the filters being 
cieanedt The circulation passes the dirt on to 
the filters within the stand. ' 

7-17. Condensate tank. The condensate tank 
,(H) is kept full of trichloroethylene by the nor- 
mal boil-condense cycle of the unit. This is 
done^y the use of a condensing coil, collecting 
trt)ugh, and water separator. The' condensing 
coil prevents vapors from rising above a s^fe 
level in the center bay. The trough? located just 
below the condensing coil, is slanted toward 
the water separator. The condensed liquid 
flows down the trough to the water separator. 
Trichloroethylene, being heavier than water, 
settles to the bottom and goes into the con- 
deitote tank. Water rises to \he top of the 
separator and is drained overboard. The con- 
densate tank stores trichloroethylene for ser- 
vicing the test tank. 

7-18. Test tank. The test tank (I) is used to 
test cleaned filter elemoits for internal damage. 
^The tank is filled, with trichloroethylene from 
the condensate tank.^t has a 3-micron filter (B) 
and pump for servicing and cleaning the test 
fluid. A cooling coil, heater, and thermostat 
switch control the test temperature. The test 
tank has a fixture for mounting and supplying 
aif pressure to the element being tested.' 

7-19. Cleaning Woven Wire Filter 
Elements. Before cleaning, the filter elements 
are Mnspected for obvioi^ damage beyot^d 
economical repair. Total repair may not exceed 
3 percent of the filter elementjs total wire cloth 
area. Remove the O-ring seals from the 
elements selected for cleaning. 

7-20. To start the cleaning process, suspend 
the elements in the presoak tank (D). This tank 
is filled with carbon remover. With the tem- 
perature at 100° F,^j4ltrasonically agitate the 
elements for 15 minuted. Remove the elements 
and allow^to drain. ^ 

7-21. After drajning, suspend the elements in 
the ultrasonic cleaning tank (G). The cleaning 
tank if . filled with trichloroethylene at a tem- 
perature of 140° to 150 ° F. Ultrasonically 
agitate for 10 to 30 minutes. The longer period 
of time is required when six or jnore elements 
are^ cleaned at the same time. 

7-22. While tlje elements are in the cleaning 
tank, recirculate the cleaning fluid through the 
filters (C) for 5 minutes. Then, again agitate the 
elements for 3 minutes. Immediately take a 
300-milliliter (l/2-cup) sample of the cleaning 
fluid. Filter this sample through a 5.0-micron 
membrane filter patch. Visually inspect the 
filter pat(ih for solid particles or discoloration 
from solids. Elements that are not^Iean (as in- 
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Figure 22. Ultrasontc^^ii^r cleaner. 



dicated by ihe dirty filter patch) must be 
reprocessed until cleanliness is assured. 

7-23. Bubble Test with Trlchioroefh^rjehe. 

All cleaned filter elements must be tested for 
serviceability. This is done in the test tank (I). 
The elemeni'is attached to the test fixture and 
air pressure is applied inside the element. The 
fluid level (trichloroethylene) should, be'l/2 
inch above the element for this test. Apply the 
specified air pressure as measured on the 
manometer and rotate the element. Air should 
escape through the pores of the element' at a 
uniform wte over the entire surface. During 
this process a specified bacR pressure must be 
indicated on the manometer. Minimum back 
(^tessures to be maintained in the manometer 
\vnile'air is escaping through the filter are: ' 
20 in. of H2 0 for a 1 5-micron absolute 
element. ' 
.12 jn/~of H^O for a 25-micron absolute 
element. 



7.5 in. of for ^RtO-micron absolute 

element. \J 
(The absolute rating indic^iites nothing larger 
will pass through it.) 

Failure to maintain these back pressures in- 
dicates enlarged pores or a ruptured element. 
In this case the filter is condemned if the 
damaged area exceeds 3 perQgnt of the total 
surface area. It may be repaired if the damage is 
less than 3 percent. 

7-24. A large amount or a steady stream of 
bubbles coming from one spot on the element 
points up a fault. This is an indication of high 
porosity or a rupture at that point. If this oc- 
curs and the element fails |j[)e minimum back 
pressure test, reduce the air pressure to zero. 
Then gradually increase the pressure until the 
first continuous stream of bubbles occurs. If 
this bubble point falls between 3 in. of H2O and 
the minimum allowed, the element is reparable. 
Elements testing less than 3 in. of H 0 are con- 
demned. The point on the wire cloth needing 



29 



ERIC 



387 



^repair must be marked with a red pencil during 
the bubble 'test. ♦ 

7-25. Use caution to prcvcni the filtering 
surface from being contaminated by handling. 
After testing, package the dry serviceable 
elements in individual ^clean plastic bags. . 

7-26. Repair of WoVen V^ire Filter 
El^e^ts. The following equipment and 
materials are required^ for element repair: (1) 
epoxy resin, (2) catalyst, (3) syringe (2-cc), (4) 
hypodermic needle (21 -gage), and (S) oven 
(1000 watts). /CX 

7-27. Repair is made by mixing catalyst and 
resin. The ratio for mixing is 8 parts catalyst 
per 100 parts resin^ mixed thoroughly. The 
usable life C'ppt life") of the mixed epoxy resin 
is 20 to 30 minutes. Th^efbre, it should be 
used as soon as possible after mixing. Draw ap- 
proximately 1/2 cc of mixed epoxy resin into a 
syrings with the needle removed. Replace the 
needle and inject small quantities of the mix- 
ture directly into the area requiring repair. 
Press the epoxy resin into the pores of the wire 
. cloth to assure a satisfactory bond. The purpose 
Is to seal the defective area. Use care in keeping 
the repair area to a minimum. 

7-28. Use epoxy re™ in a well-ventilated 
room and weal glomes or protective hand 
creanv Clean the hypodermic needle and 
syringe in methylethylketone before the epoxy 
resin hardens. »^ 



7-29. Place the i^epair element in an oven af 
60^ C. <140^ F.) and cure for 30 'ritinutes. 
Allow the element to cool to room temperature 
and repeat the bubble test. Additional repair 
may be necessary if the minimum bubble point 
is-not attained. However, if more than 3 ijercent 
of* the area is affected by the total repair, 
discard the element. 
7-10. Afways use the latest appropriate 
* technical orders when operating e<)uipment or 
making repairs. As .technical'^ advances are 
made, methods an:d procedures a/c subject to" 
change. * * * 

7-31. Throughout this chapter we have 
^Iked about equipment which is designed 
primarily for use with aircraft. Howe^yer, therb 
are many other types of pneudraulic equipment 

^used by the Air Force. For instance, staff cars ' 
may have hydraulic power steering and brakes. 
Snowplows, bulldozers, fire trut:ks, tractors, * 
lifts, crane hoists, etc., may incorporate some 
sort of hydraulic system. Equipment of this sort 

Ms normally assigned to the rhotor vehicle sec- 
tion for maintenance. Sometimes, however, you 
may be called on to assist with a tough problem 
that arises in their systems. A trained hydraulic 
man need onfy study the diagram of a system to 
determine the path of fluid flow and the 

'operation. For this reason, it isn*t necessary to 
coyer each piece of equipment you may run 
across. 
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Use Of Hydraulic Schematics 



\ 

TO PROPERLY troubleshoot hydraulic 
systems, it is necessary for. you to know how to 
read add use schematics^ Do you bfiome con- 
fused and bewildered when opening a technical 
order to study a hycfr^ulic system? This is com- 
mon among those who arc just starting their 
careers as 3-leyel mechanics. There is no need 
for this confusion if you foHow a logical 
sequence when studying the schematic. In this 
chapter we a^e going to show you how to study 
a schematic in a logical step-by-step sequence. 
It is the same sequence that you should follow 
when studying your own hydraulic •systenr. Of* 
course, we will explain the path of fluid flow 
and the purpose of each unit as we go alpng. 
Understanding ofjhe power system's operati9n 
is a must in order to study schematics. 

• 2. We nave drawn a complex hydraulic 
system (see foldout 1 in the back .of this 
volume) that uses many of the units covered in 
Volum^: This drawing is not of any particular 
aircraft H)ut it is representative of any large 
system. We have designed into this one systerfi -t 
system using a pressure regulator. We also put 
in a separate system using variable- 
displacement pumps. In studying this or any 
other hydr§ulic schematic, we should follow a 

"logical sequence. First, we have to understand 
hdw the system pressure is obtained and mai n- 

."toined. After this is done, we can trace the paflP^ 
of fluid flpw through the pressure manifold to * 
any subsystem. Then we concentrate on this one 
subsystem and, for the time, ignore the other 
^subsystems. We have been using letters to iden- 
tify unks in illustrations in our volumes. TOs 
generally identify them by placing the names in 
the illustration, "^tjerefore, we have followed 
this practice with the foldout illustration. We 
will also do so in the excerpts from the fpldout 
which* will be found throughout the text. Most 
hydraulic schematics arrange' the units (as 
nearly as possible) in the same relative position 
as they are on the aircraft. In otir schematic we 
have followed the same general pattern. 



3. All valves, actuators, antl other units 



ih 



our schematic have been made as simple as 
possible. In an effort to preserve simplicity, we 
have shown mostly slide-type valves. However, 
these could be rotary cf? poppet-type and still 
accomplish the same basic function. Tlrese 
values can have either O-ring o/ metaU^metal 
seals^' We have purposely avoided showing any 
type of seals. 
4r \ye shall, follow a logical sequence in 
•studyiiig the hydraulic schematic shown in the 
foldbut. Of course,«we^rst want to know how 
the pressure is developed and m^iititained.' 
Thus, our first subject is the hydraulic power 
section. 

/8. Hydraulic Power Section 

8-1. Th6 hydraulicyjower section is shown in 
figure 23. This section consists of the usual 
reservoir, pumps, and valves thaj any other A 
hydraulic. power system uses. / 

8-2. Reservoir* Beginning with the rese/ 
voir, we see two lines connected to its top. "Hie 
right-hand line is for reservoir pressurization. 
The left-hand line pr ovid es an air vent for the 
downside .of the main gear actuators. System 
return flui(l is directed up through £i venturi-tee 
for reservoir pressurization. A\15-25. psi check 
valve is located in the return line to the reser- 
voir. It insures sufficient fluid flow through the 
yenturi-tee. The air for reservoir pressurization 
is drawn in through an air dehydrator by the 
venturi-tee. Mounted on the left side of the 
reservoir is a glass tube-type sight gage. The top 
> and b(jttom^of the glass tube must be vented to 
the reservoir so that the fluid can rise freely. 

8-3. Pumps. Connected to the bottom left of 
the reservior is a, line leading to the auxiliary 
electric pump. It serves as an emergency pump. 
This pump is electrically driven and may be 
controlled by one of several switches. The 
pump's first 1800 psi of pressure is directed to 
the brake system. In order to have this first 
1800 psi directed to the brake system, a"priorty 
valve^ is used. This particular priority valve is, 
called a. selective relief valve. The $elective 
relief valve is basically a balanced relief valve 
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set to open at 1800 psi. When the auxiliary . 
putpp is running, its otiiput is directed into the 
brake accumulator and to the selective relief 
valve. When the'pressure build-up to I800psi» 
the selective rePief valve opens. Now the 
auxiliary pump -can also charge- the main 
hydraulic system. The brake accumulator now 
k serves both the brake system and the main 
^syst^m. SAny time the main^ system pressure 
drops below* 1800 psi» the selective relief valve " 
.closes. It therby reserves the last 1800 psi 
available pressure, if the system fails, for the 



brake system. The maximum output of the 
auxiliary pump is limited by the auxiliary relief 
valve. In the scheniatiCv it is located •between 
the electric pump and the system check valve. 

8-4, Since you now'have an understanding ot 
the auxiliary pump, we will discuss the engine- 
driven pumps. Our schematic shows two piimps 
installedl oti the No. 2 and- No. 3 engines. In 
figure 23, notice that the main supply line to 
the pumps is connected to the side '0^f the reser- 
voir. With the supply lines connected in this 
manner, no stand pipe, to save fluid for the 
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Figure 23. H>Uniulic power section schematic. 
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auxiliary pump is necessary. Reservoir fluid 
level can only be dropped to suction port level 
by a leak in the main system. Located in the 
supply Jines leading, to each engine is an 
emergency shutotY valve (labled S.O.V.). These 
valves are electrically operated j^nd are con- 
trolled by switches located in the cockpit. 
These valves cah, shut .off fluid flow to the 
engine pump in case ,of emergencies. This 
schematic has a pressure-regulated power 
system* and also a separate .system using 
variable-volume pumps. Therefore, we need 
positive displacem*ent pumps and variable 
displacement pumps. Again in flgure 23, you 
can see that the two left-hand pumps on each 
engine are the positive-displacemenf pumps 
(because they have'no fluid return line to the 
res^rvair); the right-hand pumps are the. 
variable-volume pujnps. The two variable- 
volume pumps tiJpply a constant pressure foij 
the flight controls and inflight refueling 
systems. The two positive-displacement pumps 
(left-hand pumps^ supply fluid pressure^for the 
flaps, landing gear, brakes, nosewheel steering, 
and cargo loading doors. A regulator ^nd a 
bypass valve control this pressure. Qick- 
disconnect^'' are installed in each inlet, and 
outlet of the pump to help make the pqmp 
changing easier. Check valves are installed in 
the outlet of each pump to prevent it from being 
motorized if it fails. 

8-5. Valve^, The oupput of the left-hand 
pumps tpositive-displacement pumps) is direc- " 
ted down through the bypass a valve to the 
pressure regulator. The pressu/e regulator is 
typical of the ones discussed in Volume 2. For 
discussion purposes, > we J(^'\\\ say that the 
regulator has a kick-in pr^sure of 2700 psi and 
kick-out pressure oPJOOO psi. After the fluid 
^pressure passes through the regulator, it has two 
.paths to follow: one path is to*the pressure 
manifold, and the other one is to the brake 
system. As the pumps start to rotate, fluid is ' 
directed "Thto the brake s^st^ through the 
check valve and into the brake accumulator. 

8-6. As^he pressure beiilds up to approx- 
imately 1800 psi, the selective relief valve 
opens. It remains in this pcisition as long as the 
pressure stays above 1800 psi. Pressure in the 
system keeps builjding up until it reaches the 
kick-out setting of thre pressure regulator (3000 
psi). Now the 'flow from the pressure regulator 
goes back id the reservoir by way of the return 
lines. The pressure^ regulator will maintain 
system pressure between its kick-in and kick- 
out settings. As previously mentioned, the 
brake accumulat'gr acts as a main system ac- 
cumulator above 180(1 psi. If system pressure 
drops below 1800 psi, the selective relief valve 



closes, isolating the brake system. The positive- 
displacement pump power system is also 
protected from excessive pressures by a relief 
valve. In the schematic, it is located to the left 
of the pressure regulator. The brake syslem uses 
a spherical-type accumulator, with a pressure 
gage connected to djie air chamber. Gages con- 
nected in this manner give preload air pressure 
reading when the hydraulic system is not^ 
pressurized. Another pressure gage i^ located in 
the flight engineer's or pilot's cqmpartment'and 
is controlled by a pressure transmitter. The 
transmitter is located in the brake system 
pressure line. * This gage indicates system 
pressure whenever the reading is above 1800 
psi. Otherwise, it indicates the fluid pressure 
trapped in the brake accumulator. 

8-7." During long Hightli, it is desirable to 
relieve the load on Ihe engine-drjven pumps. 
This eliminates excessive loading and 
unloading of the pressure regulator, -A bypass 
system^cpade up of a lm>ass valve an^d a l^pass 
control valve is used yor this purpose. Qniiring 
normal operation of the hydraulic systenl^ fluid 
flows through the bypass valve to th^ pressure 
regulator. When^^ the bypass^control valve^is 
energized to the BYPASSiJ)Osition,,the plunger 
of the control valve moves to the right. This 
allows fluid pressure from the two selector 
valvps to be directed through the control valve 
to the bypass valve. The bypass valve*plunger is 
moved to the left, connecting the pump 
jDressure lines to the return manifold. System 
pressure retained by the check valve will/ 
gradually decrease to approximately 250 psi/ 
This is caused by the normaNnternal leakage of 
^the many hydraulic units. At approximately 
250 psi the bypass valve balances itself. The 
engine-driven pump flow to the return line is 
restricted enough to maintain approximately 
250 p^ in the^ain system. A safety element is 
installed ip-^e system to help crewmembers 
who occasionally forget. Should the system be 
left in bypass during landing, serious con- 
sequences could result. The fluid pressure that 
mQ;/es the bypass valve plunger to the left must 
first pass through the landing ^gear selector 
valve. It also flows through the wing flap selec- 
tor valve before going to the Ijypass valve. Both 
of these vj^lves must be in the neutral position 
for the fluid to pass through then^ When either 
sekctor valve is actuated, the pressure line 
from the selector valve to the bypass valve is 
connected to return. This takes the power . 
system out of bypass and causes it to build up 
pressure immediately. 

8-8. The wing flap selector valve is^a si;?-port 
type. The ports are pressure and return^ ports, 
flap up and down ports, and bypass pressure in 
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and out ports. Tfie landing gear-selector valve is 
a seven-port type. It has pressure and return 
ports, normal up and normal down ports, an 
emergency down port, and bypass pressure in 
and out ports. Tfie fines to the selector valves, 
for the landing gear and wing flap are small. 
They direct fluid to remote or slave control 
valves. These remote or ^ave control valves in 
turn direct fluid from the pressure manifoljd to 
the landing gear and wing flap actuators. We 
discussed rejnote and slave control \^\^s in 
another volume of this course. This type of 
system, keeps large high-pressure lines to a 
minimum and out of the cockpit. This results in 
weight savings by the use cff smaller lines and 
reduces fire hazard. The selector valv*es are 
generally fastened to control levers within easy 
reach of the operator. 

9. Landing Gear Hydraulic System 
?^-l. The landing gear selectecj for this 
% di^cjlssi^p is a representative one, to cover 
theory of operation. The main gear is retracted 
hydraulically and free-falls in extension. The 
nose gear detracts and extends hydraulically. 
TJie nose fear will not free-fall because lit ex- 
\tends forward into the slipstream. 

9-2. As previously mentioned, remote con- 
trol valves direct fluid pressure from the 
pressure ^manifold to* actuators. Referring to 
figurk 24, we see that there are three of these 
valvesMhe nose gear extension valve, the Ian- 
ding ghr operating val\>e, and the emergency 
extenssoft^ vatv^. 

9-3. Gear Retraction. After takeoff, the 
copilot moves the contriDi handle to the UP 
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position. Fluid pressure is directed from the 
selector /valve, through the up line, to the lart=^ 
ding gear operating valve. The. pressure fiy'^esS, 
the plunger to the left, opening a passage 
through the valve for fluid to flow. The 

Jressure is directed to the up side of the main 
ear actuators for retraction. Fluid is also 
directed to the unlatch side of the nose gear, 
downlatch actuator. It is also directed to the up 
side of the nose gear retracting actuator. The 
downlatch actuator releases an over-center lock 
mechanism so that the nose gear can then be 
retracted. The initial movement of thje mi^iin 
gear actuator breaks an overcenter mechanism 
which allows the gear to retract. An overcenter 
lock mechanism is also used to holdjhe gears 
in the retracted position. The gears strike this 
overcenter mechanism as it reaches the full up 
position. The mechanism is spring-loaded to 
lock around the actuators. These uplocks are 
released by hydraulic actuators. 

9-4. By now you may be wondering what an 
overcenter lock mechanism is. One example is 
the metal bracket that holds the cpver door 
open on a phonograph. Once the cover is 
opened and the metal bracket pushed over- 
center, normally the door cannot close by itself. 
The door will ,stay open until the bracket is:^ 
pulled from the overcenter position^ Another 
example is a stepladder. When th«adder is 
opened out, a centering handle is pushed doyvn, 
thus locking the ladder in the open position. 
This lock is an overcenter mechanism. 

9-5. After the thfree gears are locked in the 
UP position,^the control lever is moved to the 
NEUTRAL position. This vents the right-hand 
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Figure 24. Landing gear hydraulic system s'hcematic. 
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port of the landing gear operating valve ^o the 
return maivifold. The plunger in the landing 
gear operating valve then returns to the normal 
position. This position vents the up lines of all 
three landing gear actuators to thqj* retura 
manifold. The nose gear downlatch is also ven- 
ted to the return. The internal spring moves its 
actuator piston back to its original position. 
Some systems you will encounterdo not require 
moving the*^elector 'handle to neutral. 

9-6. flear Extcnsiion.* During normal e^- 
jension pirocedures, the control, lever is moved 
to the DOWN position. The self^ctor valve now 
direpts fluid pressure to the unlatch side of the 
main gear uplatch actuator. It also directs fluid 
to the nose gear uplatch actuator. After the 
main gear uplatches are rplease^* the two main 
gears free-fall into the extended position. A 
bungee or springs may be installed on the main 
gear to insure that they are completely down 
and locked. As the gear falls, hydraulic ttuid is 
forced out of the up side of the actuators to the 
return. The down sides of th^actuators are ven- 
ted to the top of the reservoir through the 
emergency extension valve. Venting the down 
sidis of the actuators to the top of the reservoir 
causes them to merely draw in and expel air 
during normal operation. However, during 
EMERGENCY DOWN operation, this li^ne is 
connected to the pressure manifold., (This is ex- ' 
plained in a later section.) , 

9-7. As previously mentioned, the nose gear 
does not free-fall during extension. The nose- 
gear uplatch actuator has a special. feature built 
into it; namely, a sequence valve. This prevents 
pressure being applied to the nose gear until af- 
ter the uplatch is completely gejeased. When the 
uplatch is released, fluid is directed through the 
uplatch actuator to the nose gear extension 
valve. Pressure forces the plunger or sljde of the 
extensiofi valve to the' right. Fluid can now flow 
from the pressure manifold to the down side of 
the -nose*gear actuator. Whea the gear reaches 
the full down position, it hits an overce'nter 
lock mechanism, which locks it. You may be 
wondering why we want the uplatch"" released 
before applying pressure to extend the gear. Yet 
we don't release the downlatch before applying 
the pressure for retracting the gear. The weight 
of the gear alone imposes a considerable strain 
on the uplatch m^hanism. Therefore, if 
hydraulic pressure is applied to extend the gear 
before it is unlatched, structural damage may 
result. Wh^n the gear is down and locked, the 
control handle is moved to the NEUTRAL 
position. Then the piston of the nose gear 
upUtch actuator will return to its normal 
position. The nose gear extension valve plunger 
also returns to its normal position. 



9-8.1Emergency Gear ExfenMon. Should 
either or both main gears bind and not extend 
completely, hydraulic fluid can force them 
down. If the gear binds, locate the trouble, if 
possible, before using the emergency 
procedure. If* hydraulic pressure is to be used, 
the" control lever is moved to the 
EMERGENCY DOWN position. In this 
position the selector valve opens two pressure 
outlet lines. One directs fluid through the 
emergency down line to the emergency ex- 
tension valve. The otheHldirects fluid to the 
main and nose gear uplatches; this is the normal 
down lintji The slide Qf the emergency ex- 
tension vaflve is moved to the left oy the fluid 
pressure. This closes off the air vent line to the 
reservoir. At the same time, it opens a passage 
from tlje pressure manifold to the down side of 
the main gear retraction actuators. The gear is 
extended by hydraulic pressure. After the gear 
is down and locked, the control hamdle is 
moved to either the DOWN or NEUTRAL 
position. Most aircraft technical publications 
require that the control^handle be left in the 
"DQWN^ position. This is a safety precaution 
when the aircraft is on the ground. 

9-9.^ If system pressure is lost during flight, 
soma sort of landing gear emergency extension 
system must be provided, in the system we 
selected, this is done by mechanically releasing 
\ the three u^Aatches. In such a case, the pilot or 
\copilot pulls a control lever marked 
'^Emergency Gear Extension." Through cables 
and linkages, the overcenter locks are released. 
This frees all three gears from their uplatche^. 
The two main gears free-fall into extension. 
Now, how about the nose gear? We have said 
that it extends forward inlso the slipstream. This 
is true, but we still can get the gear down 
without the use of hydraulic pressure by aircraft 
maneuver technique. The correct procedures 
naturally are outlined in the appropriate 
technical order. 

9-10 We have not forgotten^about the wheel 
well doors^ We have drawn this aircraft 
schematic that the doors'^ open and close 
mechanicallf . This is the case with several of 
our large aircraft. When hydraj^lic pressure is 
used for opening and closing of the doors, 
proper sequencing is needed. Actuators and 
sequence valves insure that the dgors and gear 
move in their- proper ti^e. 

9-1 1. When we have landing gears, we must 
have brakes. Thus, our next discussion centers 
about the brake system schematic. 

iO. Brake System 

10-1. vThe brakes are operated either by 
hydraulic pressure or by air pressure. (See fig, 
25.) 
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1. -^he 



10-2. Normal Hydraulic System, i he nor- 
mal system consists of the brake accumulators, 
'two power brake ccmtrol valves (PBCVs), shut- 
tle valves, and the brake units. The accumulator 
is charged either by the auxiliary pump or by 
the normal system Through rhe selective relief 
valve. Braking pressure is controlled by two 
' . power brake control valves. These, valves (one 
for the right wheels and one for the left wheels) 
are controlled by the ppiloVs apd copilot's rud- 
der pedals. Figure 25 shows only, one set? of 
pedals; however, two are used whenever the air- 
craft requires more than one pilot. When tl|e 
brake pedals are depressed, the power ^rake 
control valves direct fluid to the brake shuttle 
valves. From the shuttle valves the fluid .i^ 
directed fo the brakes assemblies. The shuttle 
valves normally block Off the air pressure lines. 
The Hydraulic pressilte and a spring cause the 
shuttle valve to close the air lines. N^hen thev 
bralce pedals are released, the PBCVs are^ . 
closed to pressure and opened to the return 
manifold. The brake return springs then release 
the brakes. They force the fluid back through 
the PBCVs to the return Une and on to the 
r.eservoir. Most brake systems have some type 
of a safety device to prevent excessive loss of 
fluid. Hydraulic fuses will do this job very well. 
As you recall, hydraulic fuses clos^e and block 
the line after a measured volume of fluid has 
passed through them. 

1 0-3. Emergency Air System. 

In the cas^e of hydraulic failure, the 
air brake system provides the necessary 
pressure to apply the brakes. The - air brake 
system consists of an air bottle, pressure gage. 



and two air bra^ce valves. Two hand-operated 
control levers activate the brake valves during 
emergency operation. These levers are 
generally painted red and safetied (with small 
safety wire) in the OFF position. When the con- 

• trol levers are moved to ON, the air brake 
valves direct air to the shuttle valves. The ap- 
plied air pressure moves the shuttle in the shut- 
tle valves. This closes the brake hydraulic lines 
and opens the air -line to the brake units. Air 
pressure applied to the brake units is directly 
proportional me movement of the control 
levers. When the control levers are released, 
the brake valves shutoff the pressure from the 

- air bottle. Also, the pressurizing air charge is 
vented overb9^rd. The pressure in the air bottle 
is generally ^uffic^ient for two or three ap^ 
plications ofthe brakes. Whenever air has been, 
Vsed, the brakes must be bled before the normal 
hydraulic brakes can be used. If not bled, the 
air trapped in the brakes will give erratic 
operation. 

10- 4. You may be asking, **Why use air in- 
, stead of hydraulic ' fluid for emergency 
operation?" This*is a question that has to be an- 
swered when the aircraft is designed. Many fac- 
tors must be considered, when determining the 
type of system to be used; for instance, the size 
of the aircraft, the ease of locating the 
emergency system, and the weight factor Of air 
compared with hydraulic fluid must all be given 
consideration. 

11. Nosewheel Steering and Cargo Door 
Hydraulic Systems. 

11 - I. One might not consider the nosewheel 
steering and the cargo door hydraulic system as 
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Figure 26. Nosewheel steering hydraulic system schematic. 

essential as landing gear and brake System?. 
Yet, they are highly imporiani. Sometimes ihey^ 
are rather complex. 

I 1-2. Nosewheel Steiering* The nosewheel 
steering system, shown in fig. 26, is relatively 
siijjple in design and operation. The system 
consists *of an oleo-acluaied shulotY valve, 
metering valve, a balanced-type actuator, and 
Foilowup mechanism. 

11-3'. Fluid from the pressure manifold is 
directed through the oleo-actuated shutoff 
valve to the slide-type metering valve. The 
oleo-actuated' shutoff valve is closed whenever 
the nose strut is almost fully extended. This 
prevents accidental use of steering when the air- 
craft is airborne. Centering cams center the 
no^ewheel^^ when the strut extends tov/ard its 
maximum extension. If steering could be used 



after the cams became engaged, severe darhage 
could result to the centering mechanism. 

I 1-C The slide-type metering Valve is cable 
controlled from the cockpit by a steering wheel. 
Turning of the steering wheel causes the slide 
valve to move, thereby sending fluid to the ac- 
fuator.. The actuator is a balanced type, 
allowing the turning force to be equal in^ither 
direction. As the actuator turns the nosewheel, 
a foilowup system returns the slide to its 
neutral* position. The type system used is 
decided by the design engineers. 

11-5. If hydraulic pressure is lost, the 
nosewheel will caster freely. Centering springs 
hold the slide valve in its neutral position. In 
this position, tluid can free-flow from one side 
of the actuator to the other. No shimmy damper 
is required on'this system, assuming corotating 
wheels are used. In an earlier volume, we 
discussed this type of system in detail. 

I I -6. Cargo Loading t>oor« When the <loor 
is open, the front end of the cargo loading door 
extends down onto the ground. It forms a ramp 
for small Vehicles to drive into the aircraft. T*he 
hydraulic system (see fig. 27j consists of a 
rotary-type selector valve, two mechanically 
operated sequence valves, a one-v^y check 
valve, two latch actuators, two door actuators,, 
and an emergency hand pump and reservoir. 

11-7. Let's assume that the' door is closed 
the selector valve has been pieced in the OPEN 
position. J^ydraulic fluid from the pre^sufe 
manifold is directed to the two door-latch ac- 
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Figure 27. Cargo-loiiding door hydraulic system schcnialic. 
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tuators through a flow equalizer valve. The 
flow equalizer insures that both latch actuators 
actuate at the saaie time. 

-11-8. Pressure forces the pistons of both Isltch 
actuators to the right.'^eturn fluid is directed 
through sequence valve A.; At this point V)f 
opet-aticyn, sequence valve A is being held open 
by one of the door actuators. As each latch ac- 
tiiajtor moves- to the right, two things happen: 
the latches are first^g^eased, and then sequence 
valve B (located in the door actuator return 
line) is opened.The door then falls oaen by its 
own weight. While sequence valve B was 
closed, the doors could not open. This >yas 
because valve B trapped the fluid in the close 
side of the two door actuators. During door 
opening, fluid in the close side of the door ac*- 
tuator?- is routed through the orifice, check 
valve, *and sequence val^, to returm Sequence 
valve B insures that tl^ latches are fully 
released befoi-e th^_4P<^ is allowed to drop 
again. The orifice jcheck valve slows the 
opening rate of the mbr. The opening of the 
doors allows spring force to close sequence 
valve A. This positions sequence valve A for the\ 
proper door-closing sequence. 

1 1 -9. When'the cargo doorv^elector valve is 
moved to the CLOSED position, hydraulic 
fluid is directed through the open sequence 
valve B. The flow is unrestricted\to the- close 
side of the door actuators. Fluidonow to the 
latch actuators is blocked by closeOL sequence 
valve A. As the doors'reach the full -closed 
position, sequence valve A is opened. This 
allows hydraulic fluid to be directed to the 
latch side of the latch actuators'^ As the latch ac- 
tuators start moving .toward the latched 
position, seque.nce valve B closes. This 
positions sequence" valve B for proper door- 
opening sequence. The selector valye has only 
two positions; therefore, it is normally left in 
the door's selected position. An auxiliary hand 
pump provides hydraulic pressure for door 
operation if normal pressure is unavailable^ 
Return flow from the ^elector valve to the 
return manifold- must first pass through the 
auxiliary reservoir. Thus, normal operation of 
the doors insures that the, reservoir i-^ always 
full of fluid. The capacity of a reservoir used in 
a system such as this ranges from 1 quart to 
gallon. This is sufficient in size because the 
nuidl in the reservoir is only a reserve.supply to 
compensate'^ for normal leakage. A hand pump 
relief jlalye i§ connected between the hand 
pump outlet line and the return line, The set- 
ting of thislvalve is generally between 200 and 
500 psi above the normal system pressure. 

11-10. As we have previously stated, this 
system is not for aay' particular aircraft, but it is 



typical of many ^efquence systems presently 
used. ^ 

12.« Flight Control Actuating Systems 

12-).^ Some fiight control surfaces such as 
wing flaps are moved entirely by hydraulic 
power. Others — like ailerons, rudders. ai\d 
' elevators— are offd'n moved ' by th^ p-ilot's 
energy plus hydraulic boost force. We wtll 
cover the wing flap and aileron boost systems as 
representative examples. We will also touch on- 
tab actuation of control surfaces. 

1 2-2. Wing Flap System. Tlie wing flaps are 
raised a^d lowered through the use of a 
hydraulically driven motor. The direction of ' 
travel is controlled by a selector valve in the 
cotkpit area, It, in turn, actuates a remote con- 
trol valve simtlaf to the ones used in the lan- 
ding gfcar hydraulic system. ^ 

12-3. Figure 28 is an excerpt from the 
foldout and show§ the; complete wing fla^D 
hydraulic system. Let's assume that the flaps are 
up and that the -wing flap selector valve is 
movect to the DOWN position. Hydr-aulic 
pressure is directed to the down side of the 
wing flap.control valve. The slide in Che control 
valve moves up. This lets system pressure pass 
through the down Jine to the wing^flap limit 
valve. From there it goes to the hydraulic 
motor. As the fluid leaves the wing flap control 
valveT it also^enters the bottom side,of the shut- 
tle valve. It pushes the shuttle up and passes on 
^o the wing flajJ lock ^alve. The pr^essure then 
Pushes this valve down and passes on to th^ 
brake assembly., in the hydraulic motor. The 
pressure releases the brake and thereby permits 
thi motor ig lower the flaps. As the motor 
turWt it lowers the slide in the wing flap limit 
through mechanical linjcage. ^\|*the flaps 
ich their full down position, the slide * 
the down line andstqps the motor. Ad- 
ju3tmti(^t of this linkage sets ^le up and down 
ItmitsNaf the flap* travel. * . * ' 

1 2-4\ \Let*s see what happens when we decide 
to raise\lhe flaps. Moving the selector valve to 
the UP Rosit-ion sends fluid to the top of the 
wing flap^ control valve. Tnis pushes the slTde 
lets fluid. pass through rnto the up 

there ^it pushes the shuttle valve v 
[asses on to the wing flap lock valve. 
»oes on to the motor brake and 
releases it. Up line fluid also flows through the 
wing flap limit valve and on to rotate the 
hydraulic motor. Before, when we lo\^ered the 
flaps and reached full down, tht limit valve's 
slide had also moved down. It blocked the ^ 
down pressure line completely. If it is blocked 
off, ho>v then can it become the return line for 
the motor during ''flap up** operation? Notice 
the^two ball check valves in the limit valve. 
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They provide an alternate pith for fluid return 
until tlvc slide moves far enough to unblock the 
ports. When the flaps reach their up limit, the 
slide will block^thc up line. / 

12-5. The flaps can be stopped al vaii^ in- 
between position by placing the selector valve 
in NEUTRAL. This positions the selector valve 
so that both lines going to the control valve arc • 
. vented to return. The slide in the control valve 
will be held in the netur^l position by the cen- 
tering springs. As a result, all up and downi 
Irnes to the motor will be unpressurized. No 
pressure^ will turn the motor and no pressure 
will unlock the brake; the flaps will remain 
stationary. 

12-6. Most hydraulic motors have speed- 
governing device. Flow control or constant 
flow valves serve this purpose. Our flap 
hydraulic system uses one of these valves tor 
that purpose. Figure 28 shows the constant tlow 
^ valve connected into the pressure line going to 
.the wing flap control valve. Having the valve 
located in the pressure line means that only one 
valve is needed. \\ can control the speed of the 
flaps in either the raising or lowering 
operation. ^ 

12-7. Aileron Boost System. The aileron 
boost system receives its pressure from another 
source than the systemsydiscussed up to now. It 
^ts its pressure from two engine- 
driven variable-displacement pumps.. You may 
be wondering why we don't use the normal, 
regulator-controlled system for the aileron 
boost. Early in this chapter, we said that we 
needed to relieve the system of high pressure 
during long flights. The ailerpn boost does not 
require large quantities of fluid at any one time. 
However, it uses small, varying amounts of 



fluid under : pressure continuously. The 
variable-displeicement pump, "also Called 
variable-volume pvunp, meets this need. 

12-8. The system, ihown in figure 29, is a 
relatively simple one. It consists of a boost con- 
trol unit, a priority valVe; ai relief valve, and an 
accumulator. The boost control unit consists of 
a metering valve and an actuating cylinder. The 
actuating cylinder's piston rod (left end) is 
fastened to the structure of the aircraft and, 
therefore, does not move. The ailerons' are 
mechanically fastened to the right-hand sidebf 
the cylinder housing, which does move. The 
(netering valve slide unit (bottom in actuator) is 
attached by linkage, to the control stick or 
wneel. Whenever the pilot makes an aileron 
-'change motion on his control, this slide moves 
with it. " . . 

12-9. Let*s assume that the slide valve is 
moved to the right. Fluid is then directed into ^ 
the right end <^f the actuating cylinder. Since 
the piston cannot move, the -entire housing 
assembly has to move to the right. It thereby 
moves the control surface.* As the cylinder 
housing catches up with the metering valve, the 
amount of fluid going into the cylinder tapers^ 
off. When it has caught up, the passage to the 
right end of^e cylinder is blocked. This stops 
further movement of the cylinder assej|bly. The 
slide traps the ffutd in both ends of me cylin- 
der, thereby holding the control surfaces 
stationary. In the event hydraulic pressure is 
lost, t^e , ailerons can be controlled 
mechanically. SlormaUy» system pressure 
pushes up on the center plunger shown in the 
figure. When it is pushed up, it blocks the 
passage which connects the two end chambers 
of the cylinder. When system pressure is lost. 
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Figure 28. Wing nap hydraulic system schematic. 
39 



ERIC 



397 




the spring pus|T5&3 the plurtger. down, opening 
the passageway. Now there can be free flow of 
fluid between the two sides of the- actuating 
piston. The linkage now jnoves the entire con- 
trol unit and aileroi^ without hydraulic boQ5t. 

12-10. The priority valvp is installed to in- 
sure that the aileron sys|^m has priority over 
(he 'inflight refueling sy^tjem. The relief valvd 
protects the system frjifm ^excessive pressure. 
The accumulator is installed to dampen 
pressure surges caused by rapid starting and 
stopping of units. 

12-11. Many of our more recent aircraft 
don't rely entirely^ on ailerons for lateral con- 
trol of the aircraft; instead, they use spoilers 
either alone or together with the ailerons. 
Spoilers serve the same basic purpose as 
ailerons, but they Control the aircraft in a dif- 
ferent manner. As an example, to lower the 
right wing of an aircraft using ailerons, the 
right aileron rise^ and the left aileron lowers. 
Ti) lower the right wing of an aircraft using 
spoilers, only the right spoiler rises. Most 
spoiler systems can also be Used as speed 
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hydrautic system schematic. 

brakes. However, when .used as speed brakes, 
both spoilers arc raised at the same time. 

12-12. Tab Actuation. Some aircraft may 
have hydtaulic boost systems for the rudder and 
elevators. Other aircraft use flying or servo tabs 
to move the contral surfaces. The^ tabs are a 
small control surface installed in /the trailing 
edge of the main control surface/ The pilot s 
control stick is usually mechanL^ly fastened to 
these labs. The mechanical linkage is such that 
the tabs arc moved in the oppoMte direction of 
ihq (cgntrol surface. On aircraft with autopilots, 
there may be hydraulic involvement in tab ac- 
tuation. We won't go into that, because it is the 
responsibility of another AFS. 

12-13. This completes our discussion of a 
typical hydraulic system and the reading of 
schematic diagrams. However, hydraulics are 
used for many purposes other than for flying 
and controlling the aircraft. For example, 
hydraulics are used to operate bomb doors, 
guns, and inflight refueling systems. Some of 
these systems are nfaintained by personnel 
other, than the pneudraulic repairman. 
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for use in vocational and technical educatio^. 



llllllA 



piiasuii iiNc to 

tNPMOHt lirUllINQ ttftflM 




wiNo riAr 



Fultliiiif 1, Mriraft litdniiilii' syMi'iii svhcfiKitic. 



ERIC 



401 




\^ ^ M )^ M ^ U Uf -fTf^J^. 



ERIC 



40 3 



4UI 



42152 04 25 
WORKBOOK 



GROUND EQUIPMENT. SCHEMATICS, AND SUPERVISION AND FRAININU 




I 




This workbook places the materials you need where you need thci^i, while you 
are studying. In it. you will find the Study Reference Guide, the Chapt'W Review 
Exercises and their answers, and the Volume Review Exercise. You cat\^ easily 
compare textual references, with chapter exercise items without flipping i^ace^ 
back and fofth in^your text You will not misplace any one of these essenti:al" 
study materials. You will have a single reference pamphlet in the proper sequence 
for learning. ' V 

These devices in your workbook are a\itoinsti:uctional aids. They take the 
ipiace of the teacher who would be directing your progress if' you were in ;i 
"Classroom. Tl^e workl)ook puts these self-teaohers into one booklet. If you will 
follow the study plan given in "Your Key to Career Development/' which is 
in your course packet, you will be feadiiig yourself by edsily learned steps to 
mastery of your text. 

If you have any* questions which you cannot answer by* referring to '*Yoiir 
Key to Career Development" or your course material^use ECl Form 17. "St,udcnt 
Request for Assistance," identify yourself and vour inquiry fully and send it to 
ECL 

Keep the rest of this workbook in your files. Do not return any other pnrt 
of it to ECL * . 
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STUDY REFERENCE GUIDE 

r • ^ 

1 . Use this Guide as a Study Aid. It emphasizesall important study areas of this volume. 

2. Use the Guide as ybu complete th6 Volume^ Review Exercise and for Review after Fi^dhack on the Remits. 
After each it^fm number on your VRE is a three digit number in paironthosis. Tliat tuunhcr corrcNponds to the 
Guide Number in this Stutly Rct'crence Guide which shows you where ihc answer tt*thal VRl' ilcni can be 
found in the lext. Wlien answering the. items in your VRE, refer to the areas in the (c\i indicated hy these 
Guide Numbers. The VRE resuhs will bfe sent to you on a postcard \lhich will list the ucmai VRH-ifcnts ViUf 

Go to'your VRE booklet and locate the Guide Number for each item missed. List these Guide Numbers. 
Jj/^hcn go back to your textbook and carefully review the areas covered by these Guide Numbers. Review the 
entire VRE again before you take the closed-book Course Examination. ^ 

3. 6fe the Guide for Follow-up after you complete the Course Fxaminaticm. The CE\•c^;ults will be sent to you 
on a , postcard, which will indicate '^Satisfactory*' or "Unsatisfactory" completion. Vhc card will list (hade 
Numbers relating to the questions missed. Locate the numbers in the Guide and draw\ line under the Guide 
Number, topic, and reference. Review these areas to in^fc your mastery of the course.. 
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Number 

Guide Numbers 400 through 413 

400 Introduction to Shop and Aerospace Ground 
Equipment; HCT-6 Hydraulic Component 
Tester: Internal High-Pressure Pump Circuit; 
Component Test Circuit; Cylinder Test Cir- 
cuit: Pump T6si Circuit; pages 1-6 

401 HCT-6 HydraiAic Component Tester: Foot 
Pump Test Circuit; High-Pressure Air Pump 
Circuit; Marfometer Circuit; Return .Circuit; 

. Temperature Control Circuit; Air Pressure 
Circuit; Vacuum Circuit; Operating In- 
structions: pages 6—9 

402 Portable Hydraulic Test Stands; pages 9- 1 4 



403 jjose and Fitting Assembly ^Machine; pages 
^16 ^ 



404 Jacks; pages 16-20 
• 405 Maintenance Stands; pages 20-22 

406 JPortable Air Compressors; pages 22-27 

407 Ultrasonic Filter Cleaning: j)ages .27-30 
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408 Introduction to Use of Hydraulic Schematics; 
Hydraulic Power Section; pages 3 1 -34 

409 Landing Gear Hydraulic System; Brake Sys- 
tem: pages 34 36 

410 N^ewbccl Steering and Cargo Door Hydraulic 
^ ' Systems; Flight Control Actuating Systems: 

pages 36-40 , 

411 * I ntroduction^Jo^Super vision and Training: 

Supervision ; pages 4 1 ^42 

412 On-the-Job Upgrade Training: What Is OJT? 
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is OJT Conducted?: Duties and Responsibili- 
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CHAPTER REVIEW EXERCISES 

T^^oWowin^ cxerciseS' are srudy aids. Vr/rc your answers in pencil in (he space provided after egch exercise. 
Immediately after ampleting each set of exercises, check your responses against the answers for that set. Do 



not submit your answers to E(^l for grading. 



CHAPTER 



Objectives: To become fumiliar with the various iiemj^ of aerospace ground equipment aw^ io be able 

to use them eftcctively and t > keep them in proper working order.. ) ^ 

\. What arc the main ^ifnctions of any testiuguequipment that may be lound in a mainTenance shop? 
(Iiuro.-l 3). . ' 

/ * • ^ ' -y ■ . 

2. What IS' the function ot the internal liigh-prcssure pump circuit of the HCT -6 te^t stand? (1-3) 



3. Which circuits d(^ej the rescrvtnr o\ the IKT h test stand supply (luid to? What is the r:iied 
capaciiv of the rcser\t)ir in gallons? (14) ' 

/ , ■ 

4. What is the source ot the air tor pressurizing the reservoir ot the HCT -6? At what psi can the 
reser\'oir be pressurized? (1-^) " . 



5. If ihew suction filter in the HCT -6 test stand becomes clogged, what protects the pump? (1-6) 




6. 'What is the purpose of the volume conirol on ihe IKT 6 test staifd? (1-7) 



^. Why should the HCT (^ test stand relief valve ;iever be adji^isted below 500 psi? (1-7) 

■ i , ■ • 

What^'protects the hydraulic pump from excessive pressures when it is supplying power \ox testing 
on the HCT-^6? (\^) 



9. What purpose does the apcumulator on the HCT -6 test stand serve in the component circuit? (.|-H) 
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10. For what purpcge i/ the pump test circuit on the HCT-b used? (l-luf 



11. What protects the foot pump circuit of the HCT-6 test stand from excebsive piciburc.' (l-i;.) 

* . a 

12. What are the six test circuits of the^ HCT-6" test stand? (1-7 -10, 13. \(y. Fiu. 2) 

13. What is the high-pressure air pump circuit of the.HCT--^ test stand used foi? ( MO 1^)) 



14. What prevents the mercury from being blown out ot the manometer on ilie HCl 'h teM bi;ii 



* 15. When setting up the'^CT-6'test stand, what safety precaution should you take in regard lo ^ 

positiqningfthe range selector valve handle to the How mCtcrs? (i-24) ' ^Si^ 



16. What prevents overheating the fluid in the reservoir? (1-26) 



17. How can the fluid of the HjrT-6 test- stand be maintained at a desired temperamre? (1-27 



18. On the HCT-6 test stand, what unit. can be use^d to check case pressure of a puinp oi back 
pressure of a unit being tested? (1-34) 



19. Explain the purpose of the cylinder test circuit on the hydraulic HCT-6 test stand. (1-9. 37) 



20. In what position is the flowmeter range selector valve wiien starting the H(T (> tes.t stand? ( I-^T') 
'21. For what purpose will you use a portable hydraulic test stand? (2-1) 
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22. The portable test stand replaces what unit(s) of the aircraft system? (2-1) 



2B. Hqw nf!^ hydraulic systems does the MK-3 have? What purposes are they ased for? How can' 
they be operated? (2-5) C • 



24. What determines the source of fluid to the boost pumps of the MK-3? (2-6) " ^ 
25: What limits maximum fill system pressure on the MK-3? (2-12) 



26. Why iS^best to have the bypass, valve open when^ou start a t^est stand? (2-14)., 

27. What step must you take before connecting the MK-3 to tli^ aircraft? (2-15) " 

2*8. What caution, should you take in positioning the reservoir^ selector with jth^i(|K-3 running and 
flow control valve open? (2-19J « 



29. What advantage is there to you in using the hosfe assembly machine instead of the hand method*^ 
(3-1) 

If 



30. What should you check before you start to set up the hose assembly machine^^-5) 

31. Using a hose assembly machine, you have just comjJjeted the part of the operation to determine 
that the fitting clearance is correct. What are the nekt three steps? (3-10) 



32. What should you do before you attempt to operate th^e hos? assembly machine? (3-1 i) 

. ■ -. \ ^' ■ ■ - ■ /. 

33. Before jacking an aircraft, why should you cheek the maintenance technical manual? (4-0 

r 
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34. What detemines which jack may be used on aircraft? (4-4) 

35. What is the purpose of the air vent pn a jack reservoir? (4-6) 

*■ 

36. What prevents accidental lowering of a jack, when it is under a load? (4-9) 

37. How would you remove trapped air from a jack ram cylinder? (4-J 1) 

38. Where is the filler plug for an axle jack? (4-13; Fig, 13) 

39. Why are jack pads used with tripod jacks? (4-14) 



40. When you are ready to jack an aircraft, what should you check before placing the jacks under the 
aircraft? (4-15) 



41. Why is it advisable to remove the jacks from- beneath the aircraft quickly after lowering? (4-16) 

42. Why is the position of the wheels of a jack important while jacking an aircraft? (4-16) 

43. Ideally, how many men are needed to jack an aircraft? (4-18), 

44. What is the advantage of using a jacking manifold when raising m^e than one jack? (4-19) 

45. When should you inspect a jack for its general condition^ (4-21) 

46. When the B-1 maintenance stand is extended, what gives it added stability? (5-6) 
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47, What safety precaution should you take before ascending the stairs of B-J maintenance stand? 
(5.7) 



4*S, What controls the speed of lowering a maintenance stand? (5-8) 

40. What is the maximum load that should be raised on the B- I platform? (5-10) 

50. How many air systems does the MC~I air compressor have? ((v3) 

51. What prevents the MC-1 engine from being started under a load? ((v5) 



52. What unit of the MCv^ I air compressor removes the last traces of water t>om the compressed air? 
t()-8) 5 



*53. What limits are there on the use of the low-pressure chuck of the MC-I air compressor? (6-15) 



54, What should you check tlrst before starting an air compressor? (6-17) 

\ ■' 

In what position is the pilot valve when starting the MC--I (Joy) , air compressor? Hxplam how 
>ou adjust the valve to the starting point? ((vl8) 



5o. If you want to use the MC-I air compressor in a closed area, what precaution should you lake? 
(6-18) 



5". Why are the service line relief valves opened ^fter completing the servicing of a unit? (fv23) 



5> Ynii have |UM fniished servicing an aircraft sirut. using the liigh-prcssurc air system. What possible 
^ Januer is there if you accidentally open the service valve? (6-27) ' 



59. For what purpose is llic ultrasonic clQuner used? (7-3) 

! 

60. Name the two classes of transducers* (7-5)" 

61. Cleaning in the ultrasonic cleaner is accomplished in two ways. Name ihem, (7-7) ^ 



62. When sonic energy is applied to the cleaning solution, what is the collapse of the cavities cjllcd'. 
(7-9) 

V 



63, What does the actual scrubbing of the filter element in the ultrasonic cleaner?. (7.1 



0) 



64. Will large air bubbles affect the cleaning operation of the ultraNonic cleaner? Explain. (7.11) 

65. What is the precaution needed in handling the cleai^ing fluids of the SAM' 50' (71:) 
.66, What prevents the vapors of trichiorethylene from* rising above a safe level? (7-17) ' 

67. What should you do with a woven wire mesh filter before you clean i!? (7-|9) 

68. Ho>v do you know if the filter element you're cleaning is clean? (7-22) 



69. Vouare performing the bubble test on a filter element and a larger column of bubbles appears i 
one point. What does this mean? What 'choice of maintenance do you have? (7*24) 



70. What precaution should you take after you have cleaned a filter'^ (7-'>5) 

/ 

71. How much of the total surface of a filter elemcni can be repaired before it is discarded? (7-29) 
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CHAPTER 2 

Objective: To learn to road and understand hydraulic schematics. 

I. Explain a logical sequence that should be followed when analyzing a large hydraulic schematic. 
(intro,i2, 4) 



2. What is the purpose of Uie lSr-25.psi check valve that is located in the main reservoir return line' 



3. Explain what controls pressure buildup when using the auxiliary pump. (8-3) 

4. What is the purp^|se of the sejectiife relief valve as shown in figure 52? (8-3, 6; Fig, 52) 

i 

5. Explain the purpose of a bypass system. (8-7) 

6. Why are remote-control (slave) valves often installed in large hydraulic systems? (8-8) 

* 

7. Why won't the nose gear mentioned in this section extend by "free-fall?" (9:1) 

8. Do all landing gear selector valve handles have to be placed in neutral after an operation? (9-5) 



9. Why is it necessary to apply hydraulic pressure to the landing gear uplatches prior to extending 
the gear? (9-7) * 



10. Can the landing ^ear be ejctended if hydraulic pressure is lost in flight? How? (9-9) 

11. Explain the two methods of applying the brakes, (10-1) 
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12. Whai mainccnance procedure must be perrormcd alter using the emergency air brakes? (10^3) 



13. What unit prevents accidental use of the steering system while the aircraft is airborne? ni-3) 



14. What unit insures that both cargo door-Utch actuators oper^ite simultaneously? (11-7) 

15. What unit limits the maximum travel of the wing flaps? (12-3) 



16. What unit insures that the flaps will not move when in the intermediate position? (12-5) 



17. What means is provided to allow manual control of ihe ailerons in the event system pressure is 
lost? (12-9) 



18. What is the purpose of the priority valve installed between the aileron boost system and the 
inflight refueling sytem? (12-10) 



*NOTE: 'tSages 409 and 410 are missing to deleted material. No pertinent 
information was omitted. 
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ANSWERS FOR CHAPTER REVIEW EXERCISES 
CHAPTER 1 

1. To check new units for proper operation before installation, troubleshoot suspected inoperative 
units, and test overhauled or repaired units for proper operation. 

2. To supply a controlled flow of fluid to the cylinder and component circuits - ' 

\ 

.3. The reservoir supplies fluid to all five circuits and con^ns 25 gallons. * 

4. The air comes from an external shop source and can be pressurized between 3 and 125 psi. 

5. A suction switch turns off the eleotric motor which drives the pump. ^ 

6. It permits the operator to set the pump output to any selected flow to meet the test requirements 
of the units being tested. 

7. This might cause damage to the seals. 

8. The relief valve, which is preset to test specifications. 

9. It will absorb pressure surges of the pump and units being tested. 

10. To test engine-driven pumps. 

11. A 6000-psi factory set nonadjustable relj^ valve. ' 

12. The six test circuits We the five shown in figure 2: power pressure test, component test, cylinder 
test, pump test, foot pump or static test, and one other, the high-pressure air pump test. 

13. To statically test components with pressure from 0 to 25,000 psi. 

14. A float-type check valve. ' 

15. Always position the range selector to send fluid to the larger flowmeter. ! 

16. The fluid passes through a water-cooled heat exchanger before it enters the reservoir. 

17. By coolifig it with the heat exchanger or heating it with thrTeservoir heater, both of the 
temperature icontrol circuit. 

18. The accessory pressure gage. 

19. It is for testing actuating cylinders and similar units where fluid flow occurs only until the 
mechanism reaches the end of its travel. 

20. 2.5 to 25 gpm. 

21. To lest aircraft systems under conditions as close as possible to those of actual flight. 

22. The engine pump(s). . * 

' 12 4lG 
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23. a: Two independent systems. 

b. (!) To make opcratiopal checks of aircraft system. 
(2) To flu8b=.=w=filHhe hydraulic systems. 

c. Tow5the^or separately. 

24. The reservoir selector valve position. 

25. The fill system relief valve. 

■i 
j 

' 26. To prevent immediate pressure buildup in the system, which would cause resistance to starting. 

27. Bleed the stand. 

28. You don't move it, 

29. After initial setup, hose assemblies can be processed rapidly. 

30. Be sure electric power is off. 

31. Move switch to OFF, api^y brake, and swhch to REVERSE. 

32. Read the TO for operation and safety instructions. 

33. To determine the proper jack to be used, the location of the jack points, and the proper 
jacking procedures. \^ 

34. Height and capacity must be suitable. 

35. To prevent a vacuum from being created while jacking. 

36. The locknut. 

37. Pump the ram up a short distance, then lay the jack on its side with the hose fitting up. 
Disconnect the hose and push the ram in slowly until all trapped air is expelled. 

38. On lop of the reservoir; it is also the air vent. " 

39. a. To adapt to different jack points of an aircraft. 

h. Reduce the possibility of a jack's slipping and damaging the aircraft. 

40. The technical order of the aircraft being jacked for: 

a. placement of jacks. 

b, capacity of jacks needed. • y 
41; To avoid damage from possible delayed aircraft strut compression. 

42. To make it easier to get the jack from under the aircraft rapidly. 

43. One man per jack and one "point" man to give directions. 

44. Equals pressure resulting in even raising and lowering of all jacks. * 

45. Each time before you use it. 
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46. 
47. 
4i5. 

J 

49. 
50. 
51. 
52. 
53. 
54. 
55. 

5<<. 
57. 
58. 

bo. 
*'6I. 
62. 
63. 
64. 
6.^. 

06. 

OS. 
6^). 



Base lockl. 

Place the U-shaped safety It^lTon the ram. 
The amount of bypass valve opening. 
500 pounds. 

Two -higii and low systems. 
Clutch takeoff. 

The dehydrator or oxygen purifier cylinder. 
It is used only up to 300 psi. 

.\FTO Form 45. ^ ^ 

It is in the unload position and is adjusted to this position by turning the handle clockwise until 
thfc valve spring tension can first be felt, plus one full turn clockwise. 

Be sure the exhaust gases are vented outside. 

These are opened in order to dischar^ the air trapped in the servicing lines. 
The hose could whip around and hurt yoil or someone else. 
'To clean filter elements, electronic parts, and mechanical units. 
Pic/ucleetric and maghetrostrictive. ^ 
Physical' aiid chemical. 
Implosion. 

Tiie forpiation and bursting of the vapor pockets. 



Yes, ihey will absorb some of the sonic energy. 



.Avoid breathing fumes of both carbon remover and trichloroethylene, and also avoid getting 
it on your skin. 



The condensing coil converts tlie vapors to a liquid form.* 
(*heck for damage that would be beyond economical repair. 
By performing the patch test. 



K 



a. There is a rupture at that point. 

/;. If the bubbles appear, with a reading between 3" H^O and the minimum allowed on the 
manometer, repair the element. If the reading is below 3" H^O. the element is no good and^ 
IS cimdemned. If bubbles appear above the minimum allowable reading, you do nothing, 
hcjausc the element is uood. 
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70. Prevent recontamination and pack in clean plastic bags. 

71. Three per cent. 



£HAPTER 2 

1. First, you should study the power section to determine how the pressure is developed and 
maintained. After this, you should follow the path of fluid flow through the pressuie manifold 
to the various subsystems. 

« 

2. It insures a sufficient fluid flow through the venturi-tee for reservoir pressurization. > 

V 

3. The auxiliary relief valve is designed to control maximum output of the auxiliary pump. It is 
located between the auxiliary pump and the system check valve. The selective relief valve 
determines where the first 1800 psi goes and ^hen where the flow above 1800 psi goQS, 

4. It maintains 1800 psi flui^ pressure for brake application. ^ 

5. The bypass system is designed to take much of the load off the engine pumps during long 
flights when there is little hydraulic action. 

6. To keep large high-pressure lines out of the cockpit and to reduce the overall weight of the 
aircraft. 

^ 7. Because it extends forward into the slipstream. 

8. No. ., * 

9. To reduce possible structural damage caused by the weight of the gear resting on the latches plus 
any hydraulic force exerted. 

10. Yes, by manually releasing the uplatches and letting the main gear free-fall and applying maneuver 
techniques to extend the nose gear. 

11. During normal operation the brakes are ^applied by pressure from the normal hydraulic system. 
The second method of operation is by the use of air pressure through an emergency air brake 
system. 

12. The brakes have to be "bled" of air. 



13. The ole^^tuated shutoff valve closes when the strut is extended, thus shutting off pressure to 
the steering cpntrol valve during flight. 

14. Flow equalizer. 

15. Wing flap limit valve. 

16. The hydraulic brake on the hydraulic motor. 
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l\ A spring-loaded jplunger opens an interconnecting line between the two sides A>f the actuating 
I piston. * ^ 

18. To insure the aileron BbDst system has precedence over the infligh'! refueling system. 




"2. USE NUMBER 
PENCIL. 



42152 04 25 

VOLUME REVIEW EXERCISE 

Carefully read the following: 
DO'S: 

I. Check the ^'course/' "volume," and '-form'' numbers from the answer sheet 
address tab against the "VRE answer sheet identification number" in the 
righthand column of the shipping list, [f numbers, do not match, take action 
to reti^rn the answer sheet and the shipping, list to ECI immediately with a. 
note of explanation. 

2., Note that numerical sequence on answer sheet alternates across from column 
to column. v 

3. Use only medium sharp #1 black lead pencil for marking ansv^^r sheet. 

4. Use a clean eraser for any answer sheet changes, keeping erasures to a minimum. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily ,€t\vo\\^d student, process questions or comments thrOugh your 
unit trainer or OJT supervisor. . 
If voluntarily enrolled student, send questions or comments to ECI on ECI 
Form 17. 

DONTS: 

1. Don't use aaswer sheets other than one furnished specificalK for each review 
* exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 
errors. v 

3. Don't fold, spindle, staple^ tapc» or mutilate the an.swer sheet. 

4. Don't use ink or any marking other than with a""*! black lead pencih 

NOTE: The 3-digit number in parenthesis immcdialcly following each item num- 
ber in this Volume Review Exercise represents a Guide Number in the 
Siudy Reference Guide which in turn indicates the area of the taxt where 
the answer to that item can be found. For proper use of these Guide 
Numbers in assisting you with your Volume Review Exercise, read care- 
fully the instructions irt the heading of the Study Reference Guide. 
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I. MATCH ANSWER 
SHEET TO THIS 
EXERCISE NUM. 
BER. 
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Multiple Choice 



Chapter 1 ' . - 

1. (400) The suction supply circuit found in the HCT-6 hydraulic component tester provides the- 
necessary fluid to how many^tesl circuits? ' * ^ 

a. 3. . . c. 7. 

b. 5. • ' . ' ^ d. 10. \ ^ 

■> • . . . , • ^ . ^ . ■ - 

2. ^ (400) Whenever the filte^becomes clogged the filter pressure switch cause\Ujc lanip on tlje panel 

a. 'Come on. c. start flashing. 

b. go off. d. activate a warning horn. 

3. (400) The actuating test circuit selector valve on the HCT-6 tesf stand must' be in the FLOW- 
^ METER RETURN position whe|i you are adjusting the ' * 

a. volume. ' , , c. relief valve. ^ 

b. pressure. d. temperature controller. 

4. (400) Which of the following units on the HCT-6 test stand measures the internal pump leakage' 
of a pump under test? . 

a. The leakage tanlf. 

b. The scavenge flowmeter. 

Or The 0.4 to 4 gpm flowmeter, 
d. The 2.5 to 25 gpm flowmeter. 

5. (401) In order to speed the static tests of a large capacity unit on the HCT~6 test stand, 

a. a booster circuit is used. * 

b. the unit is primed with a hand pump. « 

c. an accumulator Is used in the circuit. ^ 

d. the unit is primed by using reservoir pressurization. ^ 

6. (401) To prevent the mercury from being blown out of the manometer of the HCT-6 hydraulic 
component test stand, the manometer circuit is equipped with 

a. an air bleed valve. 

b. a pump test suction shutoff valve. ' , 

c. a float-type check valve. * 

d. a pump test suction tesf port shutoff valve. 

7. (401) A rotary-type vacuum pufhp is equipped with an automatic oiler that you would most 
correctly service with » 

a. 20-weight engine oil. > ^ c. 40-weight engine oil. 

h. 30-Weight engine'oil. d. its own filtered Huid. 
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8. (402) If your were testing a hydraulic system on an aircraft wrili a high-flow requirement, wMt 
would you do with the MK~3? / 



a. Increased the volume of the test stajids pump. * 

b. Add a boost pump to help the test stands pump. 

c. Manifold the No. 1 and No. 2 systems of the test stand together. 

d. Use a different test stand since you cannot adjtist the pump. 

9. (402) The MK-3 test stand automatically shuts down when the 

a. fluid gets too thick. 

b. suction filter becomes clogged. - " 

c. test stand reservoir is nor at leas't 3/4 full^t -^L^ 

d. boost pressure to the main p'ump is less than 90 psig. 



10. (402) If the fluid temperature in the MK-3 test stand becomes too high, the *thermoswitch will 

a. sound a warning horn. 

b. turn on the fluid coolers. 

c. will not shut down the machine. 

d. indicate fluid temperature on the temperature gage. 

11. (402) Before, you connect the MK-3 test stand to the aircraft, you make/certain that the 

a. electric plug to the powdr source is off. 

b. sight indicator lights are off. ^ 

c. gage shutoff valves are set at one-fourth turn from fully opened. 

d. circuit, breakers are on. 

12. (40irin order to insure adequate powejr is available when you are iL prestart^'both test stand 
systems, ' ' 

a. close both flow control vlaves. 

b. place one of^thrreservoir selector valves Jn STAND position./ 

c. allow 1 minute delay before starting second system. ^ 

d. place reservoir pressure dump valve to NEUTRAL position. 

13. (403) The advantage of making hoses with the hose assembly machine over the hand method is 
that the machine 

a. can mal^ any size hose assembly. 

b. can mpiKe size 2 through 48 medium-pressure hose assemblies, 

c. is usw mainly for making hose assemblies using the flange-type fittings. 

d. can rapidly produce medium- or high-pressure hose assemblies wfthin its limits. ^ 

14. (403) Before you assemble the fittings-on a hose while using the hose assembly machine, you 
should insure that the 



a. brake is released. 

b. fittings are well lubricated. 

c. machine is set at 150 RPM. 

d. torque control box is set at 160 mch-pounds. 
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IS. (403) The, clearance between the *'B'* nut and sleeve on a hose assembly must be maintained 
to insure ^ ^ # 



a. proper nipple alignment with connector. 

b. proper overall length pf the ho^e assembly. 

c. that the **B" nut rotates freely during installation. 

d. that the hose is threaded into the sleeve correctly. . 

16. (404) The operator jacking an aircraft is having extreme difflculty operating the handle df the 
6-ton tripod jack. If the capacity of the jack is adequate, he should next^check 

a. the position of the handle fulcrum. 

b. the position of the needle valve. 
" c. the grooves tn the ram for cleanliness. 

d. for air under the ram. 

17. (404) When an aircraft is raised witH tripod jacks and one of the jacks^ttles down and lowers 
one wing, the most obvious cause of this is 



• a. a defective ram seal that leaks. 

b. a leak in the pressure supply line hose. 

c. a leaking needle valve at the bottom of the reservoir. 

d. the lockliut on thCrram failed to lower into position. » 

18. (404) Axle*^a€fiS are often used instead of tripod jacks when 

a. qne with a closed height of 6 inches is needed to raise the axle of the B-52 gear. 

b. Ures are being repaired. 

c. a closed jack a little higher that the axle is required. ' ^ 

d. brake work is not necessary. ^ * 

19. (404) Jack pads are adapters used with aircraft jacks* to 

a*, give added distance in jacking. * ^ " ^ 

b. make it easier to position them. 

c. lessen th.e chance of damage to the aircraft. 

d. give a cushion between the jack and the aircraft. 

20. (404) After the jacks have been properly placed, the first thing to do is to 

a. run the screw extension down the jack pad. 

b. tilt th^jack to line up with the jack pad. 

c. close the needle valve as you start pumping^. ^ 

d. remove the wheel chocks. 

21. (404) With regards to the use of any jack, you would most likely be correct if you 

a. always read the applicable TO before starting a job. 

b. rely on your general experience and common sense. 

c. listen to the advice of an old "pro'* regarding jacking operations. 

d. know your job well enough to «se short cuts. 



22. (405) Before ascending to the platform of maintenanf; stand, you must be sure that the 

a. bypass valve is closed. 

b. safety lock is installed. 

c. ram locknut is screwed down tightly, 

d. platform load will not exceed 500 pounds. ^ « 

23. (405) The speed lowering a B-l mainterjancc stand is controlled by the • 

I 1;^"^ P"7- c. weight of the stand. 

0. bypass valve. j 

d. restrictor m the return line. 

24. (405). What is the maximum static load a B-l maintenance stand can support? 

H^m c. 1500 pounds. 
'OOP^^nds. J 2000 pounds.^ 

25. (406) The main purpose of die dehydrators on the air compressor is to 

' - _ * 

a. protect the purifier cartridge from excess moisture. 

b. protect the compressor condensate chambers. 

c. remove ail condensation from the engine oil. 

d. absorb remaining water vapor before the air enters the receiver. ■ 

26. (406) At what pressure does the pUot valve on the MC-I air compressor automatically ope'n 
to allow the pressure to pass lo the blowdown valves? somatically open 

n 

f.nn - ^500 psi. 

27. (406) The oil levels for air compressors must be checked 

a. prior to each start. ) , ^ ^^^^ 

b. once every day. y d ^,^^,y 

l^that thf'" ^'"''"^ '^P"^'-" °f i^C-l. you make 

a. pilot valve is in the manual load position. 

b. pilot valve is In the manual unload position. ' " * 

c. clutch is disengaged and positioned toward the instrument panel 

d. low-pressure regulator is completely turned clockwise. 

9. (406) Normally, when you start the engine, you should first 

a. see that the ci^^pressor hood is closed. 

b. pull the ignition sWitch ail the way out. 

c. press the starter switch and hold the switch for 35 seconds. 

d. pull the choke control part way out. 
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30* (406) To make your compressor last longer, you should observe all of the following rules 
except . ■ * 

a. start the engine with the clutch disengaged. ^ 

b. never engage ihcLClutch when the enjjine is operating at speeds faster than fast idle. 

c. engage the clutch when the compressor controls are in the load position. 

d. never tighten the service line relief to exceed 35 inch-pounds. 

. 31. (407) A sonic system on the SANE 50 ultra-sonic filter cleaner is composed of 

a. generator and transducer. c. pump and vibrator. 

b, battety and transducer. d. generator and sonic regulator. 

32. (407) With reference to general safely precautions, the rule you would least likely to follow 
would be to 

J r 

a. always release the pressure in the service line before disconnecting it. 

b. treat a loose hose discharging high.-pressure air as a dangerous weapon. 

c. encourage a little fun and play to break the monotony while performing your work. 

d. always be familiar with the TOs to ease workload. 

33. (407) What is the proper sequence for cleaning filter elements in the SANE 50? 

a. Presoak, boil, cleaning, and test. 

b. Cleaning, presoak, boil, and test. 

c. Presoak, cleaning, boil, and condensate. 

d. cleaning, boil, condensate, and test. 

34. (407) Which of the tanks in the SANE 50 have sonic units? 

a. Boil' and cleaning tanks. 

b. . Presoak and cleaning tanks. 

c. Condensate and test tanks. 

d. Presoak and test tanks. ' 

35. (407) The element is still in the cleaning tdnk a|fd ihe/fluid has been circulated through the 
internal filters for 5 minutes. What is the next ste|);^ 

3. Immediately take cup sample. \ 

b. Place the elements in the test tank. 

c. Agitate the elements for 3 minutes. " • 

d. Visually inspect the solid particles. * 

36. (407) While resting a clean filter element you notice a large column of bubbles coming from one 
point of the element; you know tliat 

a. the element is clean and ready for installation into a system. 

b. the element has met the maximum test standards and is serviceable. 

c. the element has met the minimum test standards and it is not serviceable. ^ 

d. this area is damaged b^ond repair if the bubbles appear before the manometer reads 3 
inches of H^O. 



426 



i 



Chapter 2 



37. (408) If you are to properly troubleshoot hydraulic systems, you will find it essential to know 
how to 

• a. interpret and apply schematics. 

b. locate applicable tecbnical manuals. 

c. study in a logical and purposeful manner. 

d. put into practice your own ideas and work methods. 

38. (408) On a routine ground check of a hydraulic system like the one shown in figure 23 of the 
text, while using the auxiliary^electric pump you notice that the flight engineer's hydraulic 
pressure gage reads 1400 psi. This tells you that the 

a. brake system is fully pressurized. 

b. selective relief valve is closed. . 

c. system is in the BYPASS position. 

d. main hydraulic system is still charged to 1400 psi. 

39. (408) Refer to figure 23 of the text. When can the brake accumulator be used as a maiQ system 
accumulatQjt? 

a. Whenever the relief valve closes. 

b. When using the auxiliary pump. 

c. Whenever the system pressure is above 1400rpsi. 

d. When system pressure is 1800 psi and above. 

40. (40^) Why is it desirable during long flights to relieve the load on the engine-driven pumps? 

a. To eliminate excessive loading and unloading of the pressure regulator. 

b. To eliminate the use of the bypass control valve in the bypass system. 

c. To help the crewmembers with an added safety element. 

d. To add corrective measures to minimum loading of the pressure regulator. 

41. (409) Which of the following valves is not a remote control valve used to direct fluid pressure 
from the manifold to the actuators? 

a. Nose gear extension. 

b. Landing gear operating valve. 

c. Main gear re tension valve. 

d. Emergency extension valve. 

42. (409) When the landing gear selector valve is moved to the NORMAL DOWN position, 

a. the nose gear uplatch directs fluid pressure to the nose gear extension valve. 

b. fluid pressure is directed to the nose gear extension valve and' the landing gear operating valve. 

c. the nose ^nd main gears will be unlatched allowing tfyem to free-fall to the EXTENDED position 

d. fluid pressure is sent to the landing gear operating valve allowing this valve to direct fluid 
pressure to the three uplatches. 

/ 
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43« (409) In the event the landing gear fails to unlatch when the selector valve b moved to the 
NORMAL DOWN position, the uplatchcs may be released by 

a. moving the landing gear selector valve to the EMERGENCY DOWN position. 

first moying the selector valve to the UP position and then to the EMERGENCY DOWN position 
^ reducing the airspeed, putting the aircraft in a shallow dive, and then moving the selector valve 

to the NORMAL DOWN position, 
d. pulling an emergency release handle located in the pilot^s compartment. 

44* (409) Refer to figure 25 of the text. What would be the most probable cause if, during landing, 
the right brake would not apply? 

a. The left shuttle valve was closed. 

b. The right hydraulic fuse was closed. 

c. The left hydraulic fuse was opened. 

d. The right shuttle valve was opened. 

45. (409) You have just repaired a broken hydraulic brake line and during the checkout you find the 
brake operation erratic. What is the most probable cause? 

a. The brakes need to be bled. 

b. The PBCV is closing too soon. 

c. The hydraulic fuse is set. 

d. The shuttle valve is open. 

46. (410) The nose gear is properly aligned for takeoff and landing by the 

a. torque links. c. oleo-actuated valve. 

b. weight of the nose gear. d. integral centering cams. ^ 

47. (410) The steering system shown in figure 26 of the text, provides a means for free-caster of the 
nosewheels in the event fluid pressure is lost. This is accomplished through the use of 

a. corotating Wheels. c. control and followup cables. 

b. a slide-type metering valve. d. a balanced-type steering column. 

48. (410) Refer to figure 27 of the text. When the cargo door selector valve is moved to the OPEN 
position, which of the following will happen? ^ 

a. Pressure will close the latch actuators and open sequence valve B. 

b. Pressure will open the latch actuators causing sequence valve B to close. 

c. Pressure will open the latch actuators causing sequence valve B to open and allow the door 
to free-fall open. 

d. Pressure will open the latch actuators causing sequence valve B to open and direct hydraulic 
pro^sure to the open side of the door actuators. 

49. (410) Refer to figure 27 of the tex^ When the door selector is moved to the CLOSED position 

a. sequence valve B is closed and sequence valve A is open. 

b. sequence valve B is open and sequence valve A is closed. 

c. the sequence valves are automatically opened. 

d. both sequence valves arc* closed. 
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50. (410)'Tlie hydraulic motor brake is released by 



a. pressure from the wing flaps lock valve. 

b. pressure from the wing flap control valves. 

c. mechanical linkage from the wing flap limit valve. 

d. mechanical linkage from the wing flap control valve. 

51. (410) Refer to figure 28 of^he text. The constant flow valve insures that the fiaps 

a. extend and retract at varying speeds. 

b. extend and retract, at the same speed. 

c. extend fast and retract slow. . 

d. extend slow and retract fast. 

52. (410) When the pilot positions the slide valve to the right, pressure moves the 

a. piston to the right. housing assembly to the left. 

b. p.ston to the left. entire housing to the right. 

53. (410) In the event hydraulic pressure is lost, the ailerons can be controlled by 

a. mechanical means. 

b. the air load on the surfaces. 

c. the auxiliary pump pressure. 

d. pressure trapped in the cylinder. 

54. (410) The priority valve installed in the pressure line insures the 

a. inflight refueling system has priority over the ailerons. 

b. ailerons can operate after pressure builds up to 2500 psi 

c. inflight refueling systems can operate after pressure builds up to 1800 psi 

d. ailerons have priority over the inflight refueling system 
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MODIFICATIONS 

^^^h^ c2/p ~~ <>l7 o f this publication has (have) been, deleted in 

adapting this material for inclusion in the "Trial Implementation of a 

M<idel System to Provide Military Curriculum Materials for Use in Vocational 

nnd Ti'chnical Education." Deleted material involves extensive use of 

mllitnry forms, procedures, systems, etc. and was not considered appropriate , 

for use In vocational and technical education. 
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